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V-TECS fuides am xte ^ ar ^^t^^fitinuatfon of the V-TECS catalogs. While 
th© V-TECS catalog im a ^:{i,.npmiKi<sh o! dutiei, tasks, performanee objectives, and 
performance fuIdes, iti^Mm auiy th th® ibsychomotor aspect of an occupation. It is a 
blueprint of an occupa^drr^ It dealt p?^iy with the identification of the "hands on" aspect 
of the odcupation* It not take Into oonsideration such things as the background 
information surroundi^ « taate* rte^ to make inferencesp generalizations and decisions 
from a body of knowlledgt, nm dms^jA deal with attitudes, job seeking skills, safety or 
ener^ eonservation pwe^'cew V-TECS fUides take theae aspects of teaching and 
leapning into considerrt^ ^n. 

Experience has stoowi uiar ^he art of learning can also be taught while teaching 
subject matter* Peo^r need to learn how to learn* V-TECS guides take into 
consideration how stud^ritf ItMn and are an efficient way for Instructors to assist them 
to learn* 

V-TECS guides are centered around all three domains of learnings psychomotor, 
cognitive, and effective. The following is a brief explanation of each. 

Ps;fchomot©f 

Any manipulative skill such as tightening a nut, replacing a hubeap, sharpening a 
pencil, machining a key slot in a steel shaft, or replacing a SCR in a solid state control 
panel are examples of manipulative or psychomotor skills. Tasks such as these are 
identified in V-TECS catalogs. V-TECS catalogs also group tasks by duties and 
objectives. Each performance objective has a performance standard which must be met 
to prove student proficiency in the manipulative aspect of the task. The V-'TECS 
catalog, however^ does not Include any suggestions as to how to learn to do these tasks* 

V-TECS guides are developed around psychomotor tasks which are worker 
oriented* 

Cognitive 

To perform psychomotor tasks, students must think. To tighten a nut they must 
know which way to turn it and when to stop turning it so that they won't strip the 
threads or shear the bolt off. If replacing a hubcap, there is a certain technique that 
may vary from one ear to another* For example, start the hubcap by placing the cap In 
a tilted position and tapping it all the way around until it is properly seated. On a 
different model. It may be necessary to position the hubeap and snap it all at once. At 
any rate* studants must think about what Is being done. This Is cognition or a mental 
activity. Cognition is what goes on in the mind about any job being done. V-TECS 
guides provide both the collateral knowledge and the impetus to apply cognition to 
psychomotor tasks. 

Students gain cognition through both real and vicarious eKperlences. They may 
read, view tapes, memorise or practice a process or procedure until they are certain of 
it* To test their knowledge, students may be required to decide the proper procedure, 
method or sequence for performance. This decision making prnoess or cognitive activity 
provides the basis for higher thinking skills. 
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Cognition, tHen, is that proeess by whlQlilnformatioi^ is stored and used. That 
voice that warns one of potential dangers is coinltion. Araything that goes on in the 
mind IS eognition. Students may beoome the bfeil workers in their job^ but if they fail to 
think a process through and apply their eJcpeE-tee* they may become just one more 
statiitic. It is cofnition that tells them to leoUnd tag out the power supply to an 
eleetrioal apparatus before starting to repaid It, However, cognition does not apply only 
to saf ety. Good eognition or thinkinf ean help employees cSlo a job better and quleker. 
V^TECS guides provide for the cognitive aipe^ts of learning. 

Aff active 

Curriculum writers^ supervisors, and initmotors ofterm fail to assist students in 
acquiring a positive attitude toward the rnsglvfigj (heir Jobs, their school^ or their fellow 
students. V^TECS guides seek to provide assistafice to the i ustructor In achieving this. 
It is difficult for the Instructor to identify little bitiand piec-«s of desirable behavior for 
every unit and often harder yet to teach thern# In this area, students might be judged as 
to how well they clean up their work ares^ vvhtitethey showv up to do the job on time^ 
or whether they must be told several times to dsiomethinK* Potential employers are 
interested in student attitude because peraonj angry at tKiemselves or uncertain of 
themselves are often poor workers, 

A student's ability to succeed on the first job and every Job thereafter depends 
largely on attitude* If, for example, studenta ha^ithe attiti»de of "let someone else do 
it," they could be in trouble* Students using V-^ECS guides -will have activities dealing 
with how to get along with other students^ supenflsopSj or staff members both in large 
and small groups* 
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USE OF V-TECS GUIDE 



The guide is designed to provide job-relevant tasks, performance objectives, 
performance guides, resources, learning activities, evaluation standards and 
achievement testing In selected occupations, 

A V-TECS guide is designed to be used with any teaching methods you may choose. 
If a lecture/demonstration method is best for you, you will find sufficient help to meet 
your needs* If you prefer to use discussions or other methods that require student 
participation, you will find ample help, Refardless of which method Is successful for 
youv a V-TECS guide can save preparation time and offer Innovative methods and 
pracedures. For example, students may work either alone or in teams while in class and 
learn skills in direct relation to what is actually done on the Job, This work also takes 
into consideration student attitudes, thinking skills, and mathematical reading skills. 

The use of small groups in teaching can be helpful in two waysi (1) many students 
may feel inadequate due to their lack of background information in mechanical thingsi 
and (2) some students may feel that they are physically incompetent or lack the 
necessary background eKperiences. A successful program (course) can provide students 
with a sense of security by reSnforclng positive attitudes while improving skill and 
knowledge of the subject* By allowing students to interact on a personal level, this 
task/learner-centered approach can achieve this. As students gain confidence and 
diieover that they are an essential part of a team engaged In the learning-teaching 
process, their confidence increases. Too, the student In this setting can learn to work 
without direct supervision* In addition, use of the small-group method permits the 
instructor to vary instructional routines away from lecture or other full-class methods 
to activities for single students, pairs of students or any number so desired. 

You will find suggestions for specific classroom activities. The activities are not 
meant to restrict you or yc^uir students, but only to suggest a variety of learning 
activities for each task statement* Fit^ie do not feel that you must take your students 
through all the activities. 
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ORGANIZATION OF TASKS FOR INSTRUCTION 



This addendum provides a recommended sequence of the tasks which comprise the 
performance-based ourriculum for a unit of instruction for House Electrician in South 
Carolina, The organization of these tasks was accomplished by a committee whose 
membership included the following eleetricity instructorsi Johnny R, Fortf Bonneau 
Vocational Center^ and Reginald S- Cro^s, Dorchester County Career Training Center. 

Several tasks which fell below the 90% level were considered essential to the 
ourriculum in South Carolina and have been Included in the list* The tasks which were 
considered to be beyond the secondary level capabilities have been listed below the 
"cut-off" point. 

Using this list as the foundation for the performance-based curriculum, an 
instructional unit can be developed for each task. The data provided in the form of 
performance objectives and performance guideSf for the majority of taskSf will prove to 
be invaluable during the preparation of the instructional units. Please notSi however, 
that the lesson themselves are placed in the Teacher's Guide in an alphabetical manner. 

Instructional 

Sequenee Task 

1.0 Computing Service Loads 

1.1 Balance the total load per phase 

1.2 Calculate individual circuit load 

1*3 Calculate the load In watts and load current In amps for the entire residence 
1*4 Compute the size of service entrance conductors 
1*5 Design eleetrical systems 

1.6 Determine how many convenience and appHance outlets should be on each 
separate circuit 

1.7 Determine p*ound fault circuits required 

1*8 Determine cost and practicality of underjround service via overhead^ also 

whether CT numbers should be used 
1.9 Determine location of inside panels and boxes 

2.0 Roughing in Feeders* Branch Circuit Cables* and Circuits 

2.1 Rough in 120- or 240-volt circuits to distribution panel using non^metallic 
sheathed cable (N,M,C.) 

2.2 Connect 240'-volt circuits to circuit breaker panel using non-- metallic sheathed 
cable 

2.3 Rough In armored cable to outlet box 

2*4 Rough In cable between an existing box and newly installed box 

2*5 Install cable between an existing box horizontaily along an existing wall in a 

channel behind a baseboard 
2*6 Rough in cable or conduit fur branch circuits 
2*7 Install de-icing equipment 

2*8 Rough in the circuit for a device controlled by two three way switches with feed 
to the switch box 

2.9 Rough in the circuit for a device controlled by two three way switches with feed 
to the device outlet box 

2.10 Rough in the circuit for a device contrplled by two three way switches and one 
four way switch (with feed to a three way switch) 
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2,11 Rough in the circuit for a deviae controlled by two three way switches and one 

four way switch with feed to the device 
2A2 Rough In the circuit for a device controlled by two three way switches and two 

four way switches with feed to a three way switch 

2.13 Rough In the circuit for door chime system 

2.14 Rough in the circuit for intercom system 

2.15 Rough in line voltage thermostat wiring 
2. IS Rough in low voltage thermostat wiring 

2.17 Rough in non metallic cable in outlet boxes 

2.18 Install pressure switch in existing wall 

2.19 Rough in duplex receptacles circuit with two three way switches controlling one- 
half of each of two duplex receptacles 

2.20 Rough in cables for single pole switch controlling one or more lights or devices 
with feed to a switch box 

2*21 Rough in cables for single pole switch controlling one or more lights/devices with 
a feed to the light/device boK 

2.22 Rough in the circuit for a single pole switch controlling three lights/devices with 
feed to the end light device box 

2.23 Rough in the circuit for a split circuit duplex receptacle 

2.24 Rough in the circuit for two three way switches controlling one device using 
conduit and 4" square boxes with plaster rings 

2.25 Install conduit underground 

2.26 Rough in direct burial cable 

2.27 Make fixture splice (Notei Consensus of writing team to move to Duty 1) 

2.28 Make Joint using crimp type connectors (splices) 

2.29 Make pigtail splice (joint) 

2.30 Make splices using mechanical- type connectors (split bolt connectors, lugs, and 
wire nuts) 

2.31 Make up branch circuit wires to panels 

2.32 Make western union splice (Joint) 

2.33 Rough in a single pole switch circuit 

2.34 Run feeder cable from main service panel to auxiliary panel 



3*0 Installing Switch Boxes and Outlet Boxes 

3.1 Install (bar hanger) mounted box 

3.2 Install flush mount Junction box 

3.3 Install flush mount switch and outlet box In a dry wall, lath or plaster wall, or 
paneled wall 

3.4 Install flush mount switch and outlet box in a lath and plaster wall 

3.5 Install ^lush mount switch and outlet box in a paneled wall 

3.6 Install flush mount switch In a masonry wall 
3i^7 Install gangable boxes 

3.8 Install octagon outlet box 

3.9 Install outlet boxes for receptacles and switches in existing wall 

3.10 Install recessed fixture housing In ceiling 

3.11 Install surface mount junction box 

3.12 Install underground, water tight, cast iron box 

4*0 Installing Lighting Fixtures 

4.1 Connect delayed switch controlling one light with feed to switch 

4.2 Install/connect fan controlled by switch 

4.3 Connect/install flood lights 

4.4 Connect/install lighting dimmer system 

4.5 Install/connect heat-a-vent light 
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4.6 Conneet incandescent lighting (fiKture dimmer) 

4.7 Connect/install light fixture 

4.8 Install/connect photo-electric control on a light 
4*9 ConneGt/install post lights 

4*10 Install/connect power failure lighting 

4*11 Install an incandescent lighting fixture dimmer 

4*12 Install delayed switch controlling one light with feed to the switch 

4.13 Install flood lights 

4*14 Install fluorescent lighting fixture dimmer 

4.15 Install low-voltage lighting controls 

4.16 Install/connect moisture resistant fixtures 

4*17 Install/cDnneet pilot light to show when appHanGe is on 

4*18 Install post lights 

4*19 Install power failure lighting 

4*20 Determine and install single pole light circuits^ three way light swifcches, and four 
way light switches 

5.0 Installing Service Entrance 

5*1 Ground service entrance equipment 

5.2 Install circuit breakers in panel 

5*3 Install main service panel 

5*4 Install mast type (through the roof) service entrance 

5.0 Install main service disconnect 

5.6 Install/connect mobile home service 

5*7 Install service entrance cable to service drop 

5*8 Install temporary service entrance 

5.9 Install underpound service entrance 

6.0 Trimming Out (Finishing) Electrical Devices and App lianoes 

6.1 Install/connect automatic garage door operator 
6*2 Conneot convenience outlets 

6*3 Conneot de-feing equipment 

6*4 Connect door chime system 

6.5 Connect/install duplex receptacle outlets 

6-6 Connect/install electric fence charger 

6.7 Connect/install emergency warning system burgler opfire 
6*8 Connect/install four^wire 220-- volt receptacles 

6*9 Install/connect ground fault interrupting device 

6*10 Install/connect hot water heater 

6*11 Connect/install humidity control device 

6.12 Connect intercom system 

6.13 Connect low^voltage lighting control 

6.14 Connect mobile home service 

6.15 Connect moisture resistant receptacle 

6.16 Install/connect photo-electric cell control 
6*17 Conneet pilot light 

6*18 Connect pressure switch in existing wall 

6*19 Connect recessed fixture box in ceiling 

6*20 Connect single pole switch 

6*21 Connect/install single pole switch with pilot light 

6*22 Connect split circuit duplex receptacle 

6*23 Connect/install three wire 220- volt receptacle 

6*24 Connect/install delayed action or time switch 

6.25 Connect water pump motor 
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6.26 
6.27 
6.28 
6.29 
6.30 
6,31 
6.32 
6.33 
6,34 
6.35 
6.36 
6.37 
6.38 
6.39 
6.40 
6.41 

6.42 

7.0 

7,1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

7.10 

7.11 

7.12 

7.13 

7.14 

7.15 

7.16 

7.17 

7.18 

7.19 

7.20 

7.21 

7.22 

7.23 

7.24 

7.25 

7.26 

7.27 

7.28 

7.29 

7.30 

7.31 

7.32 

7.33 

7.34 



Conneet wires from juncition box to appllanoe 
Conneet/install three way swltohes 
Connact/install four way switches 
Itiitall autoinatiG garage door operator 
Initall eleetrie fenee charger 

Install emergency warning syitem (burglar or fire) 

Install four wire i20^volt receptacles 

Install ground fault interrupting deviee 

Install hot water heater 

Install humidity control device 

Install photo-electric control 

Install single pole switch with pilot light 

Install supface raceway 

Install water pump motor 

Connect 120/240^cireults to circuit breaker panel using non^metallic cable 
Install 240^volt circuits to circuit breaker panel using non^metallic sheathed 
cable 

Make fixture splice 

Maintaining Existing Wiring 

Repair automatic control equipment 

Repair fire alarm stations 

Diagnose/repair fluorescent fixture 

Repair heating system controls 

Diagnose and repair/replace lights 

Repair/replace relays and timers 

Repair solenoids In door chimes 

Repair stoker controls 

Repair thermostat 

Repair water heater 

Install and maintain emergency lighting 

Repair or replace frayed service cords 

Repalr/replaca power failure (lighting) 

Replace existing interior load center 

Replace blower motor 

Replace cable 

Replace circuit breakers 

Replace duct heating element 

Replace electric space heating equipment 

Replace existing receptacle or switch 

Replace float switches 

Replace furnace motors 

Replace fuses 

Replace grounding electrode conductor 
Replace heat cable in soil or concrete 
Replace links in fuses 
Replace pilot light bulb 
Replace pump motors for a well 
Replace service entrance 
Replace transformer 
Service electric motors 
Test for correct voltage 
Troubleshoot a branch circuit 
Loading truck 
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CUT-OFF 



Connet't/install basement heat unit 

Connect aeiling heat cable to thepmostat 

Connect central electric heat 

Connect furnace motop 

Connect/install gas or oil fired hiatlnf unit 

Connect individual space heaters 

Connect line voltage thermostat 

Connect low voltage thermostat 

Connect oil fired heating unit 

Connect/initall wall heater 

Connect wiring for boiler control system 

Install baseboard heat unit 

Install ceiling heat cable 

Install central electric heat 

Install furnace motors 

Install individual space heaters 

Install wall heater 

Calculate and record monthly/yearly operating expenie^ 
Develop budgets 

Develop employee work schedules 
Develop/maintain accounting system 
Develop/maintain filing system 
Develop/maintain payroll system 

Establish and record pay scale and benefits fop impioye^i 

Estimate cost of job 

Terminate employee 

Hire employee 

Maintain time records 

Negotiate credit 

Obtain insurance 

Order materials 

Prepare payroll records 

RaisF capital 

Ti^ice inventory of materials and tools 
Write work orders 

Make out materials list used on each job 
Complete work orders 
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COMPUTING SERVICE LOADS 
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DUTYs COMPUTING SERVICE LOADS 



PERFORMANCE OBJECTIVE V-TECS 01 

TASKi Balance the total load per phase. 

STANDARD OF PERFORMANCE OF TASKi Balance the total . load per phase, 
SOURCE OF STANDARDS Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. A floor plan showing the basic wiring system. 

2. A copy of the National Electrical Code. 

3. A copy of the requirements from the authority having Jup^ is^Iction* 

ENABLING OBJECTIVE(S)s 

1* Read and interpret residential blueprintSi 

2, Read and interpret the National Electrical Code. 

3, Read and interpret local Code requirements, 

RESOURCESi 

Richter, Praotieal Eleotrieal Wiring* p. 211* 
Kubala* Eleetrieity 2., Unit 11* 

TEACfflNG ACTIVlTIESi 

1* Explain the various uses for llS^-volt and 230--volt cirouitss* 

2* Explain the procedure for determining circuit ampera^^e using the circuit 
wattage, 

3* Have the students aaleulate sample problems involving wsattage to determine 
circuit amperage* 

4, Demonstrate the procedure for determining phase loadi* 

5* Have the students calculate sample problems In loadinge^aah phase equally* 

CRITERION REFERENCED MEASUREt 
Questionsi 

1* The circuit voltage between each hot conductor and the p3rounded neutral bus 
shall bei 
a. 24^volts 
b- llS-volts 
C, 236-volts 

d. 460-volts* 

2* Branch circuits must be divided equally between the twot~iDt conductors so as 
toi 

a* Balance load in service panel* 

b* Assure enough voltage to each circuit. 

e. Be sure wires do not overheat, 

d* Make sure the power panel is not overloaded. 
3. What is the unit load per square foot for the general lighting load of a 
residence? 

a. 3 watts per square foot 

b. 5 watts per square foot 
e. 6 watti per square foot 
d, 7 watts per square foot. 



PERFORMANCE OBJECTIVE V-TECS 01 (Continued) 



Anawers 

1. b 

2. a 

3. a 

PERFORMANCE GUIDEi 

1. Omit all 240 volt circuits from this calculationi Ue.f ranfep water heater, 

oentral heat, and air* 
2* Make a list of all 120 volt circultsi "ue., lightingi small appliance, dishwasher, 

etc* 

3* Determine the wattage of all applianoes being used or to be Installed from 

the manufacturer's data plate. 
4* Calculate the wattage total per circuit, 

5, Divide the total wattage per circuit by the voltage of the circuit to get the 
ampere per circuit* (National Electrical Code, Chapter 9 — examples and 
tables)* 

6, Load each phase with an equal number of 120 volt circuits based on 
amperage* 

7, Total each phase. 

8* Compare totals to determine degree of balance, 

9* If they do not balance, redistribute 120 volt loads on phases until 
approximate balance is reached. 
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DUTYi COMPUTING SERVICE LOADS 



PEEFORMANCE OBJECTIVE V-TECS 02 

TASKi Calculate Individual eireuit load* 

STANDARD OF PERFORMANCE OF TASKi The circuit load must not total more 
than the allowed overeurrent device ratings or the current carrying capacity of 
the eonduetors. The oaleulations of the Individual circuit load must meet the 
requirements as outlined by the National Electrical Code (Chapter 9^ Example 1) 
and the local authority having jurisdiction. 

SOURCES OF STANDARD: 

Tennessee Writing Team. 

National EleetPieal CcKle, pp. 644-646 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A floor plan showing the basic wiring system* 
2* A copy of the National Electrical Code* 

3, A copy of the requirements from the authority having jurisdiction* 
4* Unit data plate ratings of items of equipment, 

ENABLING OBJECTIVE(S): 

1. Read and Interpret residential blueprints* 

2* Read and Interpret the National Electrical Code* 

3* Read and interpret loeal code requirements* 

4* Read and interpret manufacturer's data plate information* 

RESOURCES: 

MuUin* Electrieal V/iring, Residentialf Unit 3. 

Kubala. Eleetriclty 2, Unit 11, 

National Electrical Code, 1981* Section 220* 

TEACHING ACTIVITIESi 

1* Disouss the branch circuit rating when the load is to be continuous* (National 
Electrical Code, Section 220) 

2. Explain how to use the manufacturer's data to determine circuit amperage, 

3. Demonstrate the procedure for determining general lighting loads per square 
foot of floor area, 

4* Have the students calculate sample problems in which circuit wattage is used 

to determine the number of circuits needed* 
5, Explain the alternate method for calculating how many general lighting and 

convenience outlet circuits are required* 

CRITERION REFERENCED MEASURES 
Questions: 

1* What is the unit load per square foot of floor area for a residence? 

a. 3 watts 

b, 4 watts 
e. 5 watts 
d. 6 watts 
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PERFORMANCE OBJECTIVE V-TECS 02 (Continued) 

2, The total lighting load in amperes is determined by dividing the wattage byi 
a- The elrcult voltage 

b. The voltage rating of the lights 

e. The maximum allowable lamp voltage 

d* The Code eirouit voltage. 

3, The Code states that reeeptaele outlets must be installed so that no point 
along the floor line In any space !s more than X feet, measured horizontallyi 
from an outlet in that space. 

a* 4 

b. 5 

c. 6 

d. 8 

Answers: 

1. a 

2. a 

3. c 

PERFORMANCE GUIDE: 



1, 


Make a list of all possible equipment that is used at one time on an individual 




circuit. 




Determine the wattage of all applianees being used or to be installed from 




the manufaeturer's data plate. 


3. 


Total the wattage on that line. 


4. 


Divide the total wattage by the applied voltage to get the total amperage for 




the circuit load. 


6. 


For light and eonvenience outlets not ealeulated as above, allQw If amps per 




outlet* 
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DUTYi COMPUTING SERVICE LOADS 



PERFORMANCE OBJECTIVE V-TECS 03 

TASKS Compute the size of serviee entmnce conductors* 

STANDARD OF PERFORMANCE OF TASKi The total calculated load must 
include all circuits to be installed* The calculation of the size of the service 
entrance conductors must meet the requirements as outlined by the National 
Electrical Code (Article 220 and tables In Chapter 9) and the local authority 
having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team* 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A floor plan showing the basic wiring system* 
2* A copy of the National Electrical Code. 

3. A copy of the requirements of the authority having jurisdiction. 

4. The unit data plate ratings* 

ENABLING OBJECTrVE(S)i 

!• Read and interpret residential blueprints. 

2. Read and interpret the National Electrical Code* 

3. Read and interpret local Code requirements, 

4. Read and interpret manufacturer-s specification* 

RESOURCESi 

Richter. Practical Eleetrical Wiring, Chapter 13* 
Mullln. Electrieal Wiring, Raiidential, Unit 28* 

TEACHING ACTIVITIES: 

U Explain the computation of the general lighting load using the unit load per 
square foot* 

2. Explain the procedure used to determine the minimum number of branch 
oircuits required for general lighting, small appliance and laundry loads* 

3. Demonstrate the procedure for calculating the major appliance loads* 

4. Explain the procedure for determining the minimum size feeders required for 
the total oomputed load. 

5. Discuss how to determine the minimum size service neutral using the 
derating factor In the Code* 

6. Have the students calculate sample problems in determining feeder and 
service neutral sizes* 

CRITERION REFERENCED MEASTJRE; 
Questional 

1, Small appliance branch circuits shall be rated ati 

a, 15-amperes 

b. 20-amperes 
0, 25-amperes 
d. SO^amperes. 




PERFORMANCE OBJECTIVE V-TECS 03 (Continued) 



2, The Code requires a minimum of small applianae circuits, 

a, 2 

b. 2, plus one 20-ampere laundry circuit 
0. 3 

d, 2 split olrcults 

3. An eleetrle range has a rating of 12 kw^ the computed load would bei 

a, 12 kw, 

b. 10 kw* 

c, 8 kw. 

d. 8096 of rated kw. 



Answers 

1. b 

2. b 

3. c 



PERFORMANCE GUIDE 

1. Calculate the general lighting load. 

2. Calculate the number of branch aircults required and their load, 
3* Calculate the small appliance load. 

4, Calculate the laundry load. 

5* Calculate the total circuit load without major appliances* 

6* Calculate the circuit loads of the major appliances (range^ central heat, and 
air conditioner)* 

7. Total all circuit wattage load for the total wattage of the house* 

8. Divide the total wattage by the applied voltage to get the total amperes- 
Derate according to Chapter 9, National Electrical Code* 

9. After determining the total amperes for the load, use the appropriate table 
from the National Electrical Code to determine entrance cable size* 



ERLC 
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DUTY! COMPUTING SERVICE LOADS 



PERFORMANCE OBJECTIVE V-TECS 04 

TASKi Detepmine how many convenience and appliance outlets should be on each 
separate circuit. 

STANDARD OP PERFORMANCE OF TASKi In all Installations th e number of 
circuits must be sufficient to supply the load served. The number of convenience 
and appliance outlets must meet the requirements as outlined by the National 
Electrical Code (Article 220, Example 1, Chapter 9) and the local authority having 
jurisdiction, 

TOURCE OF STANDARDS 

Tennessee Writing Team* 

National Elaotrioal Code, pp. 40-^52, 644-646 

CONDITIONS FOR PERFORMANCE OF TASKi 
A floor plan showing the basic wiring system. 

ENABLING OBJECTIVE(S)s 

1* Read and interpret residential blueprints, 

2. Read and interpret the National Electrical Code* 

3. Read and interpret local Code requirements, 

RESOURCESs 

Mullin, Electrloal Wiring, Residential* Unit 3, 
Richter* Praatioal Elaetrleal Wiring, pp, 204-211, 

TEACHING ACTIVITIES: 

1, Explain the derating of each branch circuit to insure safety. 
2!, Have the students calculate the rating of each required branch circuit using 
a sample floor plan* 

3, Demonstrate the procedure for determining the number of convenience 
outlets per circuit using l.S^amperes per outlet, 

4, Explain the Code requirement for small appliance circuits and their uses, 

5, Have the students identify the 120-^volt branch circuits required by the Code* 

6, Have the students list the 120-volt circuits using a sample residential floor 
plan. 

CRITERION REFERENCED MEASUREi 
Queationsi 

1, The Code requires at least small appliance eircuit(i) in each residence. 

a, 2, lO^amperes 

b, 3, IS^amperes 

c, 2, IS^amperes split circuits 

d, 1, 3n-amperes 
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PERFORMANCE OBJECTIVE V-TECS 04 (Continued) 



2. Appliance outlets installed In a dwelling unit for laundry equipment, shall be 
installed within feet of Intended location of the laundry equipment. 

a. 4 

b. 6 

c. 8 

d. 12 

3. A dwelling having a living area of 2000 square feetj would require a minimum 
of , 15-^ampere lighting circuits* 

a. 3 

b, 4 
5 

d* 6 

Answersi 
1, a 
2* b 
3. d 

PERFORMANCE GUIDEs 

1. Allocate a minimum number of appliance circuits according to the National 
Electrical Code* 

2* Choose each circuit and follow the procedure below for determining the 
number of receptacle outlets required* 
a* Determine the individual branch circuit amperages, 

b. Take 8096 of total branch circuit amperages* 

c. Divide the answer in step b by 1,5 to determine the number of outlets 
per circuit. 

3* Identify required convenience/appliance outlets per circuit* 
NOTEi Refer to National Electrical Code Article 220-2c (5), 
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INSTALLING ELECTRICAL ENVIRONMENTAL 
CONTROL COMPONENTS 
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DUTYs INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V=TECS 05 

TASKS Connect/install basebQard heat unit, 

STANDARD OF PERFORMANCE OF TASKi The installed baseboard unit must be 
levels without damage to unit and surrounding structures. The ccnneetion of 
baseboard heat units must meet the requirements as outlined by the National 
Electrieal Code (Article 300 and 424) and the local authority having jurisdiction, 

SOURCE OP STANDARDi 

Tennessee Writing Team. 

National Electrieal Code* pp, 113-122^ 290-302, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Electric baseboard heat unit 

2, Power source 

3, Previously roughed in wiring 

4, The basic tool kit 

5, Installation/electrical materials 

ENABLING OBJECTIVE(S)s 

1* Identify the terminology used with baseboard electric heat units* 

2, Read and interpret information given in the National Electrical Code, 

RESOURCESi 

Aleriehj Elcetrieal Conatruation Wiring, pp* 215-219. 
Mullin, Eleetrioal Wiring Residentialp pp, 197-199, 
National Eleotrioal Code, 1981, Articles 424. 

TEACHING ACTIVITIES. 

1, Instruct the student to read EleatFieai Conatraatlon Wiring, pp. 215=219, 
Eieatrieal Wiring Residential, pp. 197-199, and National Electrieal Code, 
Article 424, 

2* Discuss the different types of baseboard units* 
3* Identify the different types of wall texture. 

4. Demonstrate the use of a stud finder* 

5. Have the student practice finding the stud. 

6. Explain the reasons for securing the mounting screws Into the stud. 

CRITERION REFERENCED MEASUREi 
Questions: 

1* The electrical baseboard heat unit should be installedi 
a* On an inside wall 
b* Below receptacle outlets 
G. On an outside wall 
d. Supported with strapping* 
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PERFORMANCE OBJECTrVE V-TECS OS (Continued) 



What type of insulated wire is used to connect baseboard heaters? 

a. TW 

b. TFN 

c. THHN 

d. THWN, 

What is the averaie recommended watts per square foot in heatinf 

calculations? 

a* 1,5 

b. 10-12 

c. 3 
15 



Answers: 
1* c 

2. a 

3. b 



PRACTICAL APPLICATIONi 

Install and secure a baseboard heater* The heater should be level and firmly 
secured to the wall studs* The heater must operate satisfactorily through a 
complete heat cycle, 

METHOD OF EVALUATING PRACTICAL APPLICATION: 

Use Performance Guide Checklist Obieetive 05 to determine if the assignment was 
completed with at least 90 percent accuracy. 

PERFORMANCE GUIDEi 

1, Locate installation point. 

2, Turn power off. 

3, Determine that power is off by checking conductor(s) at the point of 
connectlon(s) with voltage tester, 

4, Read the manufacturer's installation instructions. 
6, Remove heat unit from housing, if required. 

6, Attach wiring to housing. 

7. Place temporary spacer approximately one inch thick under each end of 
heater to allow for later installation of floor covering, 

5, Attach housing to wall. Use a level to verify that unit is level, 
0. Remove spacer* 

10. Replace heat unit in housing, if unit was removed. 

11. Identify conductors, make connections including equipment ground. 

12. Cheek circuit to see if it is free of grounds using an ohm meter. 

13. Install junction box cover and all trim hardware, 

14. Turn power on, 

15. Assure required current draw using an ammeter. 



EKLC 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 05 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF BASEBOARD HEATER 



Student's Name Date 

DIRECTIONS TO STUDENT! Install and secure an electric baseboard heater. 

Console must be level and have sufficient clearance 
for the carpet* 

DIRECTIONS TO EVALUATOR^ Instructor will observe the student using proper safety 

techniques* The task will be completed within 
reasonable amount of time and a seore of 90 percent 
is required for competency. 



ITEMS TO BE EVALUATED Satisfactory Unaatisfactory 



1* The student selected the proper materials, 

2* The student observed safety precautions* 

*3, The student demonstrated correct methods for 
finding the wall studs. 

*4* The student seeured the heater housing to 
the wall. 

*5. The student made necessary electrical 
connections. 

6* The student allowed ample time for a com^ 
plete operational check* 

7, The student completed the task within a 
reasonable time, 

8. The student returned tools and materials 
to their proper locations* 

9* The student cleaned the work area upon 
completion* 

^Required for Competency 

APPROVED: YES NO 
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Evaluator's Signature Data 



DUTYi INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V-TECS 06 

TASKi Connect ceiling heat cable to thermostat, 

STANDARD OF PERFORMANCE OF TASKi The current flow, as checked by an 
ammeter^ must equal the nameplate wattage divided by the voltage. The 
connections of the ceiling heat cable must meet the requirements as outlined by 
the National Electrical Code (Article 424, Part E) and the local authority having 
jurisdiction. 

SOURCE OF STANDARDS 

Tennessee Writing Team. 

National Elaotrioal Code, pp, 295-298, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Power source 

2. A room that has had ceiling heat cable installed. 

3. The basic tool kit 

4. Installation/electrical materials 

ENABLING OBJECTIVE(S); 

1, Identify the terminology used with line voltage thermostats, 

2, Use proper tools and materials, 

3, Read and interpret information given in the National Electrical Code, 

RESOURCESi 

Alerich, Eleetrical Construction Wiring, pp, 220-225. 
National Electrical Code, 1981^ Article 424^ Part E* 

TEACHING ACTlVITIESi 

1, Instruct the student to read Electrioal Construction Wiring, pp. 229-230 and 
National EleetPioal Code, 1981, pp. 295-298* 

2, Discuss the different types of thermostats. 

3, Identify the nonheatlng leads of the heat cable* 

4, Demonstrate the locations for installing the thermostat. 

5, Explain the reasons for mounting the thermostat with a receptacle box. 

6, Explain the use of armored cable and other types of raceways* 

CRITERION REFERENCED MEASUREi 
Questional 

1. The thermostat should be located ft. above the floor. 

a. 8—10 
b* 6—7 

c* 5—6 
d* 2—3 
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PERFORMANCE OBJECTIVE V-TECS 06 (Continued) 



2. Tha thermostat should be mounted on or neart 

a. Outside wall 

b. Large windows 

a. Cooking appliances 
d. Inside wall. 

3. What are the wiring elearanees above heated ceilings and within thermal 
insulation? 



a. 


2" 


b. 


6" 


e. 


8" 


d. 


12" 



Answersi 

1. e 
2* d 
3. a 

PERFORMANCE GUinE: 

1# Locate inst llation point. 

2. Turn power f f* 

3. Determine .hat power Is off by checking conductor(s) at the point of 
eonnection(s) with voltage tester* 

4. Read manufacturer's installation Instructions. 

5. Pull ends of heat cable out of wall box for thermostat. 

6. Determine wattage (size) of heat cable by looking at label near end of cable, 

7. Connect cable leads and power leads to thermoitat, 

8. Turn circuit on and using clamp on type ammeter^ verify that circuit is 
drawing correct amount of power. 

9. Complete installation of thermostat on to wall box. 
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DUTYi INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V-TECS 07 

TASKi Conneat central electric heat* 



STANDARD OF PERFORMANCE OF TASK: Disconnecting means must be type 
and rating designated by unit data plate. All connections must be tight. The 
connecting of central electric heat must meet the requirements as outlined by the 
National Electrical Code (Article 424 and tables in Article 312) and the local 
authority having jurisdiction, 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Eleetrfeal Code, pp* 290-302, 

CONDITIONS FOR PERFORMANCE OF TASKi 
!• A central electric heat unit 
2- A power source 

3. Previously roughed In wiring 

4. The basic tool kit 

5. Necessary materials* 

ENABLING OB JECTIVESi 

1* Identify the termmolofy used with central electric heat. 

2, Use proper test equipment and tools* 

3, Read and Interpret manufacturer's specifications. 

4, Read and Interpret Information given in the National Electrical Code. 

RESOURCESs 

Alerlch, Elaotrieal Conatruotion Wirinfj pp. 209-211. 
National Eleotrioal Code, 1981, Article 424, part A. 

TEACmNG ACTIVITIES^ 

L Instruct the student to read Eleotrioal Constraotlon Wirlnf, pp. 209-212* and 
National Electrical Code, 1981, pp. 290-294, 

2. Discuss the different types of central electric units, 

3. Explain the purpose of using a disconnect device. 

4, Explain the reasons for using the low voltage thermostat, 

5, Discuss the location of the disconnect, 

CRITERION REFERENCED MEASUREi 
Questional 

1. The braneh circuit Gonduetors .supplying a resistance heater rated at 16 
amperes must have a capacity ofi 
a* 16 amperes 
b« 20 amperes 
o, 32 amperes. 
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PERFORMANCE OBJECTIVE V-TECS 07 (Continued) 



2. If the conductors for a 16-ampere heater are run above a heated ceiling, the 
imallest type R.H. conductor permitted ist 

a. 12 

b. 10 
Q, 8. 

3* The disconnect means must be visible from the unit location and must not be 
further than^ 

a, 25 ft. 

b. 75 ft, 
p. 50 ft. 

Answers^ 

1. b 

2. b 

3. o 

PRACTICAL APPLICATIONi 

Install and secure the disconnect, wire the heating unit into the disconneot. Check 
for proper operation through a complete heating cycle. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Pepformance Guide for Objective 07 to determine if the assifnment was 
completed with at least 90 percent accuracy* 

PERFORMANCE GUIDEi 

1, Locate installation point. 

2, Turn power off. 

3, Determine that power is off by checking eonductor(s) at the point of 
oonneetton(s) with voltage tester. 

4, Read manufacturer's installation instructions and unit data plate. 

5, Identify conductors. 

6, Connect cable for supply conductors to disconnect switches* 

7, Connect supply conductors to line side of disconnect switch. 
8* Run conduit from disconnect switch to heat unit. 

9* Pull conductor of correct si^e and type through conduit from disconnect 
switch to heat unit control box. 
10* Connect conductor to terminals provided inside of heat unit, 
11* Connect equipment grounding conductor. 

12. Connect wiring from thermostat control cable to terminals provided in 
electric heat unit* 

13. Install cover plates on Junction boxes to cover exposed wiring. 

14. Check connections for shorts and grounds with ohm meter* (Operation is 
usually checked by heating and air contractor), 

CAUTIONi Power source disconnected when using ohmmeter. 
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CHECKLIST FOR PERFORMANCE OBJECTrVE V-TECS 07 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF CENTRAL ELECTRIC HEAT 



Student^s Name Date 

DIRECTIONS TO STUDENTi Install the heat unit. The unit must be installed as per 

manufaetuier-s instruetions. Eleatrical qonnections 
should be made as per the instructions* 



DIRECTIQIfi TO EVALUATORi The Instructor will observe student using proper safety 

techniques. The student is to complete the task 
within a reasonable time limit at a 90 percent 
proficiency leveL 
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ITEMS TO BE EVALUATED Sattefactoiy Unsatisfactory 



1. The student selected proper materials* 

2* The student used safety precautions, 

3, The student demonstrated two methods for 
installing the heat unit. 

*4i The student secured the heat unit. 

*S. The student secured electrical connections. 

*6 The student found the proper location for 
mounting the heating unit. 

*7. The student mounted the heat unit and made 
tight eiectrieai connections. 

8. The student finished the task within a 
reasonable amount of time. 

9. The student completed the task in a work- 
manship like manner. 

10. The student dismantled the project and re^ 
turned the materials to their proper places. 

^Required for competency 

APPROVEDs YES No 



B valuator's Sipiatura Date 



DUTYs INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V-TECS 08 
TASKs Connect furnaoe motor, 

STANDARD OF PERFORMANCE OF TASKi All eonneetions must be tight. The 
motor must be grounded. The eonneetions must be in aoeordanee with the motor 
manufacturer's wiring diagram and materials. The furnaee motor connections 
must meet the requirements as outlined by the National Electrical Code (Article 
110) and the local authority having jurisdiction. 

SOURCE OF STANDARD! 

Tennessee Writing Team, 

National Eleotrioal Codep pp« 16-24, 

CONDITIONS FOR PERFORMANCE OF TASKi 
!• A furnace motor 

2, A power source 

3, Previously roughed in wiring 

4, The basic tool kit 

5, Installatlon/eleetrical materials. 

ENABLING OBJECTIVE(S)i 

1. Identify types of motors used in heating units. 
2* Read and interpret schematic diagrams. 

3, Use proper test equipment^ hand tools and materials. 

4, Read and Interpret the National Electrical Code, 

RESOURCESi 

Alerichi EleotrioaU ConBtruation Wiring, pp. 224-^227, 
National Electrieal Code 1981, Article 110^ Part A. 

TEACHING ACTIVITIESs 

1, Instruct the student to read National Eleotrical Code, pp. 16^24 and 
Electrical ConatHJCtion Wirlngi pp* 224^227. 

2. Discuss the different types of motors* 

3* Explain the purpose of using the disconnect device or motor controller. 
4* Show how to calculate the current flow and size of controller required, 

5, Demonstrate the correct rotation of the installed motor, 

CRITERION REFERENCED MEASUREi 
Questionsi 

1. What size fuse protection should a furnace motor system require that draws 
6 amperes of 240 volts? 



d. 



b. 
c. 



20A 
30A 
ISA 
12A 
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PERFORMANCE OBJECTIVE V-TECS 08 (Continued) 



2. A 20-anipere AC snap switch may disconnect a 2-horsepower motor with a 
maximum full load current oft 

a. ISA 

b. lOA 

c. 20A. 

3. Live parts of motors must be fuarded if they operate at over: 

a. 150V 

b. 50V 

c. lOOV, 

Answersi 
U Q 

2. a 

3. b 

PRACTICAL APPLICATIONi 

Install and seaure the motor connect to proper relay or contactor. Determine the 
proper rotation of the motor. Wire contactor to the disconnect. Connect supply 
terminals to the disconnect and prepare the unit for an operational check. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Performance Guide, Objective 08 to determine if the assignment was 
completed with at least 90 percent accuracy. 

PERFORMANCE GUIDEi 

!• Locate installation point, 

2. Turn power off. 

3. Determine that power is off by ehecking conductor(s) at the point of 
connectionCs) with voltafe tester. 

4. Read manufacturer's installation instructions. 

5. Identify conductors and determine connection for voltage iupplied, 

6. Attach power cable or conduit to motor controller* 

7. Connect supply conductor to terminals provided on motor controller. 
8* Run conduitj cable, or wire from motor controller to furnace motor. 

9. Connect conductors at motor and at motor controller using approved 
connectors. 

10. Install cover plates on junction boxes to cover exposed wiring. 
11* Turn power on. 

12. Turn motor controller on* 

13. Check motor rotation, 

14. Check motor amps with ammeter. Amperage must be within limits set on 
motor data plate. 



CHECKLIST FOR PERFORMANCE OBJECTIVE Y-TECS 08 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A FURNACE MOTOR 



Student's Name Date 

DIRECTIONS TO STUDENTi Install the blower unit into the furnace. Make proper 

electrical connections observing correct polarity. 

DIRECTIONS TO EVALUATORi The instructor will observe for proper safety 

procedures. The student will complete the task in a 
reasonable time limit with a 90 percent proficiency 
level. 



ITEMS TO BE EVALUATED Satisfaetory Unsatlsf actOFy 



1. The student selected proper materials* 



2. The student used safety precautions* 

3. The student demonstrated two methods for 
locating and Installing blower unit. 



*4. The student secured blower unit. 



*5. The student secured electrical connections. 



*6. The student found the proper location for 
mounting a blower unit. 

*7* The student mounted the blower unit and 
completed electrical connections to motor. 



8. The student finished the task within a 
reasonable amount of time* 



9* The student completed the task In a work- 
manship like manner. 



10* The student dismantled the project and re^ 
turned the materials to their proper places* 

^Required for eompeteney 



APPROVEDi YES NO 



EvaluatoF*s Signature Date 



DUTY: INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 
PERFORMANCE OBJECTIVE V-TECS 09 

TASKi Connect/install gas or oil fired heating unit, 

^ANDARD OP PERFORMANCE OF TASKi The connections must be tight and at 
designated points using approved connectors to meet appropriate codes* The 
heater must provide heat equal to its rated capacity as evidenced by thermostat 
control unit. The disconnecting means must be the type and rating designated by 
the unit data plate and readily accessible. The connections and installation of the 
gas or oil fired heating units must meet the requirements as outlined by the 
National Electrical Code (Article 110, 300, and 310) and the local authority having 
jurisdiction^ 

SOURCE OF STANDARDi 
Tennessee Writing Team. 

National Eleotrioal Codey pp. 16-24, 113-122, 124-161, 

CONDITIONS FOR PERFORMANCE OF TASKs 
1* A gas or oil fired heating unit 
2* Power source 

3. Previously roughed in wiring 

4. The baste tool kit 

5. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1* Identify the terminology used with central heat units. 
2* Use hand tools, test instruments and materials, 
3* Read and interpret the National Electrical Code. 

RESOURCES: 

Alerich, Eleatrical Conatniction Wirlngp pp, 244-'253* 
MuUins, Electrical Wlpinf Reiidentialp pp* 202-205, 
National Eleatrical CodCp 1981, pp, 16-24^ 113-122, 124-161. 

TEACfflNG ACTIVITIESi 

1* Instruct the students to read ElectrlGal Wiring Residential, pp, 202-205* 
Electrieal Construetion Wiring, pp. 244-253* National Eleetriaal Coda, 1981, 
pp. 16-24 , 113-122, 124-161. 

2. Discuss the different types of heating units and controls. 

3. Identify the controls to be installed and connected. 
Explain how to calculate the size of disconnect required. 

5. Explain how to calculate the correct size wiring required* 

6. Demonstrate procedures for connecting the thermostat to the unit, 

CRITERION REPERENCED MEASUREi 
Questions: 

1. What voltage is used customarily for control units of an automatic draft- 
damper installation? 

a. 240V 

b. 24V 

c. 120V 

d. 12V 

34 

30 



PERFORMANCE OBJECTIVE V-TECB 09 (Continued) 

2. What IS the smallest size of conductor that should be used for wiring 120 Volt 
Controls? 

a. 14 AWG 
12 AWG 
0, 18 AWG 
d, 10 AWG 

3. What Is the smallest size conductor suitable for wiring 24^volt controls? 

a, 18 AWG 

b. 16 AWG 
14 AWG 

d, 12 AWG 

Answarsi 

1. b 

2. a 

3. a 

PRACTICAL APPLICATIONi 

Install an oil fired furnaces connecting all controls. Wire furnace to disconnect, 
makinf all connections and prepare the furnace for operational check, 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Performance Guide* Objective 09 to determine If all requirements were met 
within 90 percent accuracy* 

PERFORMANCE GUIDEi 
1. Locate installation point. 
2* Turn power off* 

3, Determine that power is off by checking conductor(s) at the point of connection(s) 

with voltage tester, 
4# Read manufacturer's installation instructions. 
5* Identify conductors* 

6, Attach supply conductor cable or conduit to local unit disconnect switch* 
7* Connect supply conductors to terminals provided in local disconnect switch* 
8, Run appropriate conduit* wirej cablei etc*, from local disconnect switch to gas 
heat unit. 

9* Make wiring connections at local unit disconnect switch and at heat unit using 
ohm meter* Check wiring to see if it is clear of grounds and shorts. 
10* Make wiring connections required for thermostat control of unit, 
11* Turn fuel valve off on heating unit* 
12* Turn power on for heating unit* 
13* Follow unit directions for lighting pilot light, 

14, After amount of time specified by manufacturer^ turn fuel valve on for heat unit* 

15. Set thermostat to bring heat on, 
16* Let the unit run for a few minutes, 

17* Set thermostat to below normal setting* 

18. Unit should cut off* 

19. Install cover plates on junction boxes to cover exposed wiring. 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 09 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A GAS FIRED HEAT UNIT 



Student's Name Date 

DIRECTIONS TO STUDENT: Install the heatini unit as per the manufacturer's 

instruetions and make electrical connections as per 
manufacturer's instpuetions* 

DIRECTIONS TO EVALtJATOR: The instructor will observe the student using proper 

safety precautions. The student is to complete task 
within reasonable amount of time at a 90 percent 
proficiency level. 



ITEMS TO BE EVALUATED Satiifaeto^ Unsatisfaotory 



1. The student selected proper materials* 



2* The student used safety precautions. 



3* The student demonstrated two methods for 
mounting and installing the unit. 



*4, The student secured the heat unit* 



*5* The student secured electrical connections* 



*6* The student found the proper location for 
mounting the heat unit. 



*7* The student mounted the heat unit and made 
tight electrical connections. 



8, The student finished the task within a 
reasonable amount of time. 



9. The student completed the task in a work-- 
manship like manner. 



10* The student dismantled the project and re-- 
turned the materials to their proper places* 

*Required for competency 

APPROVEDi YES NO 



Evaluator's Signature 
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DUTYi INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V-TECS 10 

TASKS Conneot line voltage thermostat, 

STANDARD OF PERFORMANCE OF TASMi Connections must be made using 
approved connectors* Thermostat must control the unit it Is attached to as 
evidenced by cycling on and off at Its set point. The thermostat must have an 
amperage rating equal to or higher than the connecting load, 

SOURCE OF STANDARD! Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* A line voltage thermostat 

2. Power source 

3* Previously roughed in wiring 

4, The basic tool kit 

5, Installation/electrical materials* 



ENABLING OBJECTIVE(S)i 

1, Identify the terminology associated with thermostats, 

2, Use schematie diagrams furnished with thermostat, 

3, Use hand tools test instruments and materials, 

4, Read and interpret the National Electrical Code. 

RESOURCESi 

Alerichi Electrical Conati^iatlon Wiring^ pp* 223-224, 
MuUin, Eleotrioai Wiring Residential^ p, 196. 
National EleetHoal Codei 1981, Article 424, 

TEACHING ACTIVITIES! 

1, Instruct the student to read Electrical Conatroetion Wiring, pp. 223-^224, 
Eleotrioml Wiring Residentialp p. 196. National Eleotpioal Code, Article 424. 

2, Diicuss the different types of thermostats* 

3, Explain how to determine the position of installation. 

4, Explain how to calculate the current draw, 

5, Demonstrate the correct procedures for connecting the thermostat, 

CRITERION REFERENCED MEASUREi 
Questional 

1. The line voltage thermostat Is mountedi 

a. Flush 

b. In a receptacle 
0, With #18 AWG, 

2* Which thermostat must pass full current of the connected heater? 
a Line voltage 

b. Low voltage 

c. Heat/cool. 
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PERFORMANCE OBJECTIVE V-TECS 10 (Continued) 



3. If a thermostat is rated at SOOO watts, 240 voltSj the current iss 
a, 21. 8A 
b* 41. 7A 
a. 20, 8A 
d. 10, 4A, 



AriBwersi 

1. b 

2. a 

3. c 



PRACTICAL APPLICATIONS 

Install a line thermostat^ conneGting thermostat leads to furnaea and supply 
conduator to the thermostat. Prepare the unit to operational chedk* 

METHOD OF EVALUATING PRACTICAL APPLICATION: 

Use Performanee Guide, Objective 10 to determine if all requirements were met 
with 90 pereent acouraey, 

PERFORMANCE GUIDEi 

1. Looate initallation point, 

2. Turn power off. 

3. Determine that power is off by checking conductor(s) at the point of 
aonnection(s) with voltage tester* 

4. Read manufacturer's installation Instructions. 

5. Attach supply cable or conduit to box for thermostat. 
6# Identify conductors, 

7* Connect supply conductors to line terminals of thermostat. 

8. Connect load conductors to load side of thermostat, 

9. Attach thermostat to box provided for it, 

10, Turn power on, 

11, Set thermostat to the desired temperature, 

12, Observe operation through at least one cycle, 

13, Turn power off or leave thermostat set for normal operation of equipment as 
per instruction of owner* 



V 



34 

38 



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 10 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OP LINE VOLTAGE THERMOSTAT 



Student's Name ~ Date 

DIRECTIONS TO STUDENT^ The student will mount a junction box. The box must 

be flush with finished wall. The electrical 
connections must be neat and tight, 

DIRECTIONS TO EVALUATORi The inatruator will observe the student using proper 

safety teehniques. The student should complete task 
within reasonable time limit at a 90 percent 
prof ieienoy leveL 



ITEMS TO BE EVALUATED Satisfactory Unsatlsfacto^ 



!• The student selected proper materials, 

2* The student used safety precautions* 

3* The student demonstrated two methods for 
finding proper location for junotion box. 

*4, The student secured junction box, 

*5, The student secured electrical connections, 

'''fi* The student found the proper location in 
mounting a junction boK* 



7. The student mounted the thermostat. 

8. The student finished the task within a 
reaionable amount of time. 

9. The student completed the task in a work- 
manship like manner. 

10. The student dismantled the project and re- 
turned the materials to their proper places. 

♦Required for competency 

APPROVEDi YES__ NO 



Evaluatort Signature ' ~ — ^ p^^^ 
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DUTY5 INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V-TECS 11 

TASKi Connect low voltage thermostat* 

STANDARD OF PERFORMANCE OF TASE: Connections must be made using 
methods and connectors suitable for conditions encountered. The thermostat must 
be mounted so that it is level and plumb. The heat anticipator adjustment must be 
set to match current rating of device being controlled, 

SOURCE OF STANDARD: Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Low voltage thermostat 

2, Power source 

3, Previously roughed in low voltage wiring 

4, The basic tool kit 

5* Installation/electrical materials* 

ENABLING OBJECTIVE(S): 

1, Identify the difference between line and low voltage thermostats* 
2* Use a schematic to wire low voltage thermostat. 
3. Determine the position and location of installation. 

RESOURCES: 

Alerich, Electrical Construction Wiring, pp, 220-223. 

TEACHING ACTIVITIES: 

1. Instruct the student to read Electrical Constniction Wiring, pp. 220-223. 

2. Demonstrate the method of connecting the conductors. 

3. Identify the proper conductors to be used, 

4. EKplain how to calculate the circuit current draw. 

5. Demonstrate the procedures for mounting the thermostat. 

CRITERION REFERENCED MEASURE: 
Questions? 

1. The low voltage thermostat is installad above the floor, 

a. 60 inches 

b. 48 inches 

c. 6 inches 

d. In the heater. 

2. The low voltage operates oni 

a. 120 volts 
12 volts 

C. 24 volts 

d. 240 volts. 

3. The low voltage thermostat is connected withi 
a* 12 AWG 

b. 20 AWG 

e. 14 AWG 
d. 18 AWG. 
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PERFORMANCE OBJECTIVE V-TECS 11 (Continued) 



Answers; 

1. a 

2. e 

3. d 

PRACTICAL APPLICATIONi 

Install a low voltage thermostat making necessary connections, using proper eolor 
code* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Performance Guide, Objective 11 to determine If all requirements were met 
with 90 percent accuracy. 

PERFORMANCE GUIDEi 

1* Locate installation point. 

2. Turn power off, 

3. Determine power is off by checking conductor(s) at point of connection(s) 
with voltage tester, 

4. Remove thermostat from shipping carton, 

5, Read manufacturer's Installation Instructions, 

6, Remove approKimately 3/4^inch insulation from each conductor. 

7, Connect conductors to thermostat using methods and connectors suitable for 
conditions encounteredi also observing color coding of wiring, 

8* Attach thermostat to structure or designated point on equipment, 
9. Determine that thermostat has been Installed level and plumb, 

10, Set heat anticipator adjustment to match current rating of device being 
controlled. 

11, Install all trim and cover plates, 

12, Turn power on. 

13, Assure required operation. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 11 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF LOW VOLTAGE THERMOSTAT 



Studant*s Name Date 

DIRECTIONS TO STUDENTi Install and secupe the thermostat. The thermostat 

must be 60" from the floor and level. 

DIRECTIONS TO EVALUATOR: The instructor will observe the student using proper 

safety procedures* The student will complete the task 
within reasonable time limit at a 90 percent 
proficiency limit. 



ITEMS TO BE EVALUATED Satisfactory Unsatisfactory 



1, The student selected proper materials. 

2, The student used safety precautions. 

3* The student demonstrated two methods for lo- 
cating proper location to install thermostat. 

*4. The student secured electrical connections. 

The student secured and leveled thermostat. 

*6. The student found the proper location for 
mounting the thermostat* 

The student mounted the low voltage ther^ 
mostat. 

8* The student finished the task within a 
reasonable amount of time. 

9. The student completed the task In a work-- 
manship like manner, 

10* The student dismantled the project and re- 
turned the materials to their proper places. 

*Required for competency 

APPROVEDi YES ^ NO 
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Evaluator's Signature Date 
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DUTYi INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 
PERFORMANCE OBJECTIVE V-TECS 12 
TASKi Conneot/install wall heater. 

STANDARD OF PERFORMANCE OF TASK: The connections must be made using 
approved conneotors. The heater must be installed at specified location and 
grounded. The heater must provide heat equal to its eapaoity* The installation of 
the wall heater must meet the requirements as outlined by the National Electrical 
Code (Artiole llOj 300^ and 310) and the local authority having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Electrical Coda, pp. 16-24, 113-122, 124=161, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A wall heater 

2, A power source 

3, Previously roughed in wiring 

4, The basic tool kit 

5, Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1* Identify the different types of wall heaters* 
2. Use hand tools and materials. 

3* Read and interpret a schematic and Instructions furnished with the heater* 

4. Read and interpret the National Electrical Code. 

5. Determine the proper location to Install the unit. 

RESOURCESi 

Alerich, EleotFioal Construotion Wirings p. 214* 
National Eleotrieai Coda, 1981, Article 110, 300 and 310 

TEACfflNG ACTIVlTIESi 

1* Instruct the student to read Eleetrieal Construotlon Wiring, p* 214* National 

Eieatrie^ Code, 1981, Article 424* 
2. Discuss the types of wall units* 

3* Demonstrate the method tor finding the wall studs. 
4* Explain how to determine the position for the installation* 
5* Demonstrate the correct procedures for connecting the conductors to the 
wall unit. 

CRITERION REPERENCED MEASURE: 
Questions: 

1. The bottom of the box should be located approximately _ inches from the 
floor* 
a* 60 
b* 12 
c* 48 
d* 10 
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PERFORMANCE OBJECTIVE V=TECS 12 (Continued) 



2. The heater is oontrolled by ^ ^_ thermostats and limit switches, 

a. Built-in 

b. Cirouit breakers 
e. Fuse links 

d. Pluf-im 

3. Wall heaters are most often supplied by: 
a* Wall receptacle 

b. Individual circuits 

c* From the lighting circuit. 

Answersi 

1. d 

2. a 

3. b 

PRACTICAL APPLICATIONi 

Install and secure a wall heater. Unit must be between wall studs and flush with 
finished dry wall. 

METHOD OP EVALUATING PRACTICAL APPLICATIONfi 

Use Checklist Performance Objective 12 to determine if the assignment was 
completed with at least 90 percent accuracy. 

PERFORMANCE GUIDEi 

1. Locate installation point* 

2. Turn power off. 

3. Determine that power is off by checking conductor(s) at the point of 
connection(s) with voltage tester. 

4. Read manufaeturer'i installation Instructions. 

5. Remove heating coils from housing. 

6. Attach cable to housing* 

7* Attach housing to structure- 

8. Identify conductors. 

9. Remove only sufficient insulation to accept connector. 

10. Connect heater leads to power source. 

11. Connect ground to grounding terminal. 
12* Install heater in housing. 

13* Install trim. 
14* Turn power on. 

15, Observe heater coils to see if they turn red or test heater performance with 
ammeter. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 12 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF THE WALL HEATER 



Student's Name Date 

DIRECTIONS TO STUDENT? Install and secura a wall heater. Heater housing must 

be flush with the finished walL Electrieal connections 
must be tight* 

DIRECTIONS TO EVALUATORi Instructor will observe the student using proper safety 

procedures. The student is to complete task within 
reasonable time limit at a 90 percent proficiency 
level, 

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory 



1. The student selected proper materials* 

2^ The student used safety precautions, 

3* The fitudent demonstrated two methods for 
locating proper location* 

*4, The student secured heater housing* 

*5* The student secured electrical connections* 

*6. The student found the proper location for 
mounting heating unit* 

The student mounted the heat unit and made 
tight electrical connections. 

8, The student finished the task within a 
reasonable amount of time. 

9. The student completed the task in a work^ 
manship like manner. 

10* The student dismantled the project and re^ 
turned the materials to their proper places* 

^Required for competency 

APPROVED: YES NO 



Evaluator's Signature Date 
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DUTYi INSTALLING ELECTRICAL ENVIRONMENTAL CONTROL COMPONENTS 



PERFORMANCE OBJECTIVE V-TECS 13 
TASKi Install ceiling heat cable. 

STANDARD OP PERFORMANCE OF TASK: Cable installations must be inspected 
and approved by authority having jurisdietion before being covered. Cables must 
not be closer than B" to any metal object^ box, pipej ventj etc* Non-heating leads 
must be routed back to thermostat location a minimum of six inches to be left in 
boK, The non-heating loads must not be cut or shortened. The installation of 
ceiling heat cable must meet the requirements as outlined by the National 
Electrical Code (Article 424) and the local authority having Jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Eleotrieal Code, pp, 290-^302, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A ceiling heat cable 

2, Power source 

3, Previously roughed in wirinf 

4, The basic tool kit 

5* Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1. Identify the terminolo^ associated with ceiling heat cables* 

2. Use instruction and schematics furnished with the heat cable. 

3. Use hand tool and materials, 

4. Read and Interpret the National Electrical Code* 

RESOURCESi 

Alerich, Eleotrieal ConatruGtion Wiringp pp. 229-239. 
National BleetFioal Codep 1981, pp. 290-302, 

TEACHING ACTIVITIESi 

1, Instruct the student to read Electrical Construction Wiring, pp. 229-239 and 

National Eleotrieal Coda, 1981, pp. 290-302. 
2* Explain how to determine the area of the location for Installation of heat 

cable* 

3. ^ Determine how to prepare the ceiling for installing heat cables. 

4. Show how to prepare the wall for the thermostat installation. 

5. Demonstrate the method of routing the non^heat conductors. 

6. Demonstrate continuity testing in the checking of the cable. 

CRITERION REFERENCED MEASUREi 
Quest ionss 

1. Nonheating leads of 240-volts heating cable arei 



d. 



c. 



a. 
b. 



Yellow 
Blue 
Red 
White* 




PERFORMANCE OBJECTIVE V=TECS 13 {Continued) 



2. The separation between heating cables and an outlet box must be at leasti 

a, 8 inches 

b. 2 inches 
G. 6 inches 

10 inches 

3, The minimum len^h of nonheating leads furnished for a heatinff oanel ^si 

a. 7 ft. 

b. 8 in, 

c. 3 ft* 
d* 6 in* 

Answersi 

1* c 
2. a 
3* a 

PRACTICAL APPLICATION: 

Install and secure a cajling heat cable. The cable must be installed in aeoordance 
with the National Electrical Control and manufacturer's instructions* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Performance Guide Objective 13 to determine if the assignment was 
completed with at least 90 percent accuracy, 

PERFORMANCE GUIDEi 

1. Locate installation point. 

2. Turn power off, 

3. Determine that power is off by checking conduetor{s) at the point of 
' connection(s) with voltage tester, 

4. Read and be familiar with the requirements of Article 424 of the National 
Electrical Code. 

5. Read manufacturer's installation instructions, 

6. Determine from manufacturer's Instructions or electrical floor plan that the 
cable supplied is the correct size for the rooms to be heated, 

7. Determine the space (at least It") between cable runs, 

8. Attach cable only to gypsum board* plaster lath, or other similar fire 
resistant non^conductive materials. Cable Is to be strapped or otherwise 
secured a minimum of every 16 inches, 

9. Run feeder cable from thermostat location through wall and/or floor 
partition back to distribution panel, 

10. When all of cable has been attached to celling, notify authority having 
jurisdiction that installation is ready for inspection. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 13 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A CEILING HEAT CABLE 



Student's Name Date 

DIRECTIONS TO STUDENTi Install the heat cable as per manuf actupep's 

instruetionSf spacing must be observed* 

DIRECTIONS TO EVALUATORi The mstructop will observe the student usinf proper 

safety procedures. The task must be completed 
within a reasonable time limit and at a 90 percent 
profieieney level. 

ITEMS TO BE EVALUATED Satisfactory Unsatisfautory 



1, The student selected proper materials. 

2, The student used safety precautions. 

3, The student demonstrated two methods for 
loeatinf cable routing. 

*4* The student secured heat cable. 

*5. The student secured thermostat conductors. 

*6, The student found the proper location for 
mounting heat cable. 

*7* The student mounted the heat cable and 
connected thermostat- 

8. The student finished the task within a 
reasonable amount of time* 

9, The student completed the task in a work- 
manship like manner. 

10. The student dismantled the project and re- 
turned the materials to their proper places. 

^Required for competency 

APPROVEDi YES NO 



Ev^uatoi^i Slfnature Data 
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INSTALLING LIGHTING FIXTURES 
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DUTYi INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 14 

TASKS Install/connect fan controlled by switch. 

STANDARD OF PERFORMANCE OF TASKi The connections must be made using 
methods and connectors suitable for conditions encountered* Connections must be 
tight. The iwitch must turn the fan off when in off position and on when in on 
position* The Installation of the fan controlled by a switch must meet the 
requirements as outlined by the National Electrical Code (Articles 110^ 300, and 
310) and the local authority having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team* 

National ElactFlcal Code^ pp, 16-24^ 113-122^ 124-161, 

CONDITIONS FOR PERFORMANCE OF TASK: 
1. Fan 

2* Power source 

3* Previously roughed In wiring 

4* The basic tool kit 

5. Installation/electrical materials. 

ENABLING OBJECTIVE(S): 

1* Identify the various types of fans, 

2* Read and Interpret wiring diagrams and instructions furnished with the fan* 

3* Use hand tools and materials, 

4. Read and interpret the National Electrical Code* 

RESOURCESi 

Alerich, Eleotrieal Construction Wiflngj pp* 108-112* 

Mullin, Eleotrioal Wiring Residential, pp/ 38-40, 

National Electrical Code, 1981, pp* 16-^24, 113-122, 124-161* 

TEACHING ACTIVITIES: 

1* Instruct the student to read Eleetrieal Conatruetion Wiring, pp, 108-112, 

Electrical Wiring Residential, pp, 38-40, National Electrical Code, dd 16- 

24, 113-122, 124-161, 
2. Discuss how to determine the location for installing the fan* 
3* Discuss how to prepare the location for installation. 

4. Demonstrate the method of routing and aonneeting the switch circuit* 

5. Demonstrate correct procedure for connecting supply conductors. 

6. Explain how to prepare the installation for an operational cheek, 

CEITERION REFERENCED MEASUREi 
Questions^ 

1. The switching circuit should always be in the conductor. 

a, green 

b. white 
c* black 
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PERFORMANCE OBJECTIVE V=TECS 14 (Continued) 



2, 



The hot oonductor should always be^ 



a. Black 

b. White 
e. Green. 



3. 



The neutral conductor !si 



a. Green 

b. Black 

c. White, 



4. 



The switch loop should be connected to the 



conductor of the line 



and the fan. 
a. black 
b^ p'een 
e, white 



Answersi 



1. c 

2. a 

3. c 

4. a 

PRACTICAL APPLICATIONS 

Remove the ceiling light and Install the ceiling fan* The fan must be balanced and 
controlled by a wall switch, 

METHOD OF EVALUATING THE PRACTICAL APPLICATIONi 

Use Performance Guide Objective 14 to determine If the assignment was 
completed with at least 90 percent accuracy* 

PERFORMANCE GUIDE: 

1, Locate installation point. 

2, Turn power off* 

3* Determine that power Is off by checking conductor(s) at the point of 

conneotion(i) with voltage tester* 

4. Read manufacturer's Installation instructions. 

5* Remove approximately 3/4^inch iniulatlon from each conductor. 

6* Make wiring connections. 

7. Fasten ground wire. 

8. Attach fan to mounting brackets* 

9. Turn power on, 

10* Cheek fan for correct operation, 

11* Assure required current drain. 



EKLC 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 14 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A CEILING FAN AND CONTROL 



Student's Name Date 

DIRECTIONS TO STUDENTf Install and secure mounting boxes. Make eleetrieal 

eonnections to switch and fan. Secure switch and fan. 

DIRECTIONS TO EVALtJATOR^ The instruetor will observe the student using proper 

safety procedures. The task must be completed at a 
90 percent proficiency and within a reasonable time 
limit. 



ITEMS TO BE EVALUATED Satlsfaetory Unaatlsfacto^ 



1, The student selected proper materials. 

2, The student used safety precautions. 

3* The student demonstrated two methods for 
finding the center of the room. 

'*^4. The student secured fan and switch boxes. 

"^5. The student secured electrical connections* 

*6, The student found the proper location for 
mounting fan and switch boxes. 

*7. The student mounted the fan and switch 
making proper electrical connections. 

8» The student finished the task within a 
reasonable amount of time* 

9. The student completed the task in a work- 
manship like manner* 

10, The student dismantled the project and re^ 
turned the materials to their proper places, 

*Required for competency 

APPROVEDi YES NO 



Bvaluator's Signature Date 
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DUTYi INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 15 
TASKS Connect/install flood lights. 

STANDARD OF PERFORMANCE OF TASKt Lights must burn when switch is 
turned on* Flood lights must be eontrolled by at least one switch. Outlet box 
must be mounted securely. The installation of flood lights must meet tne 
requirements as outlined by the National Electrical Code (Articles 110, 300, and 
310) and the local authority having jurisdiction. 

SOURCE OF STANDARD! 

Tennessee Writing Team, 

National Electrical Code, pp, 16-24, 113-122, 124-161. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Flood lights 

2. Power source 

3. Previously roughed in wiring 

4. The basic tool kit 

5. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1. Identify electrical terminology for outdoor lighting. 

2. Determine the proper tools and materials to be used. 

3. Read and interpret blue prints. 

4. Read and interpret the National Electrical Code* 

RESOURCESi 

Mullim Eleotrical Wiring Residential, pp. 72-76. 
The National Eleotrical Codej Article 3 10. 

TEACHING ACTIVITIESi 

1. Instruct the student to read Electrical Wiring Residential, pp. 72-76 and 
National Eleotf leal Code, Article 310. 

2. Discuss the different uses of weather proof lighting systems. 

3. Identify the different types of flood lights. 

4. Identify the different locations of flood lights, 

5. Demonstrate procedures for installing flood lights. 

6. Have student discuss why proper installation is Important. 

CRITERION REFERENCED MEASURES 
Questionsi 

1. Flood lights are used fori 
a* Security 

b. Decorative 

c. Both a and b 

d. Neither a nor b. 
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PERFORMANCE OBJECTIVE V-TECS 15 (Continued) 



3. Shrub and tree lights should operate fromi 

a. 24V 

b. 12V 
e. 120V 

240V, 

3, The flood lampi in your referenee assignment are _____ watt PHE 
refleetori. ~ 

a. 150 

b. 75 
e. 100 
0, 300 

Anawars: 
1. o 
2* b 
3. a 

PRACTICAL APPLICATIONi 

Install a decorative lighting system from the materials furnished* Caloulate total 
amperes required and eonnect to proper transformer and cirouit breaker. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist Performance Objective 15 to determine that the objective was met 
with 90 percent proficiency* 

PERFORMANCE GUIDE: 

1, Locate Installation point* 
2* Turn power off* 

3* Determine that power Is off by cheeking aonductor{i) at the point of 

oonnection(s) with voltage tester, 
4* Unfold conductors from box, 

5* Remove approximately 3/4-Inch insulation from each conductor, 
6* Read manufacturer's installation instructions for flood lights* 
7* Connect white wires from flood lights to white wires extending from wiring 
device with approved connectors* 

8, Attach black wires of fixture to the switch leg. Complete other circuit 
connections as required. 

9, Connect ground wire to ground terminal, 

10. Attach flood light to box using supplied screws, 

11. Install lamps. 

12. Turn power on, 

13* Assure required operation. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 15 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF FLOOD LIGHTS 



Student's If am@ Date 

DIRECTIONS TO STUDENTi Install three flood lighti to decorate shrubs. Us 

correct traniformer, lamps and circuit breaker. 

DIRECTIONS TO EVALUATOR: The initruetor will obierve for safety and prope 

material usage* The task should be complete within 
reasonable time limit with 90 percent proficiency* 



ITEMS TO BE EVALUATED Satisfactory UMatisfactory 

1* The student selected proper materials. 

2* The student used safety precautions* 

3, The student demonstrated two methods for 

finding proper installation location. _______ _______ 

*4* The student secured the transformer* 

*5. The student secured the lamp fixtures* 

*6* The student found the proper location for 

mounting lamp fixtures* _____ 

*7. The student mounted the transformer, fixtures 

and made necessary electrical connections* 

8* The student finished the task within a 

reasonable amount of time. ______ 

9* The student completed the task in a work- 
manship like manner. _^_____ 

10* The student dismantled the project and re- 
turned the materials to their proper places. ^______ 

^Required for competency 

APPROVEDi YES_ NO ^ 

Evaluator's Slgnatura ~ Date 
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DUTYs INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 16 

TASKS ConneGt/install lighting dimmer system* 

STANDARD OF PERFORMANCE OF TASK: The dimmer system must be installed 
at the specified location and must operate within predetermined lolerances. 
Connections must be tight* The installation of a lighting dimmer system must 
meet the requirements as outlined by the National Electrical Code (Article 380) 
and the local authority having jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Elaotriaal Code, pp* 238-241* 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. A lighting dimmer system 

2. Power Source 

3. Previously roughed in wiring 

4. The basic tool kit 

5. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1* Identify the rotary dimmer switch, 

2* Determine tools and materials to be used, 

3* Identify the techniques for installation points. 

RESOURCES: 

Mullin, Electrical Wiring Reiidential, pp. 97-99, 
Alerlchj Electrical Conitruetion Wiring, pp* 126-127, 
National Electrical Code, 1981, Article 520-25, pp, 70-463. 

TEACHING ACTIVITIES? 

1, Instruct the students to read Residential Wiring, pp, 97--99, Electrical 
Construction Wiring, pp. 126-127, National Electrical Code, Article 520- 25, 
2* Discuss different uses for dimmers* 

3. Identify different types of dimmers, 

4. Demonstrate procedures used to find installation points, 

5. Have students practice finding the center points in given areas. 
6» Have students discuss why proper installation is important, 

CRITERION REFERENCED MEASUREi 
Questional 

1, How are modern residential light dimming circuits controlled? 
a* Step switch 

b. Rheostat 

c. SCR. 
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PERFORMANCE OBJECTIVE V-TECS 16 (Continued) 



2. How many wires must be installed between an incandescent lamp and its 
dimmer control? 

a. 2 

b. 3/Ground 

c. 3 

d. 2/Ground 

3. What type dimmer switch is used with a 3=^way switch? 
a. SPST 

b* SPOT 

e. DPDT 

d. 3^way Dimmer, 



Answafsi 

U c 
2. b 
$• d 



PRACTICAL APPLICATIONi 

Install and secure a dimmer switch* Dimmer must control the light from brillianee 
to off. 

METHODS OF EVALUATING PRACTICAL APPLICATION: 

Use Cheeklist Performance Objective 16 to determine if the assignment was 
completed to the task standard of 90 percent proficiency, 

PERFORMANCE GUIDEi 



1, 


Locate installation point. 






2. 


Turn power off* 






3. 


Determine that power ii off by checking conductor(s) 


at the point 


of 




connection(s) with voltafe tester. 




4. 


Read manufacturer's installation instructions. 






5. 


Examine the dimmer to be sure it is the proper type 
appiioation (fluorescent or incandescent)* 


and size for 


the 


6* 


Examine the mounting boxes and circuit conductors to 


be sure they 


are 




correct. 




7, 


Make the wiring connections^ circuit and grounding. 






8. 


Install the switches and dimmers with the mounting hardware. 




9. 


Turn power on* 






10* 


Assure required operation* 







CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 16 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A LIGHT DIMMING SYSTEM 



Student^s Name Date 

DIRECTIONS TO STUDENTi Install and secure a rotary dimmer. The dimmer must 

be installed as per manufacturer's instructions* 

DIRECTIONS TO EVALUATORi The Instructor will observe the student using proper 

safety procedures. The task must be completed 
within reasonable time limit with 90 peraent 
proficiency* 



ITEMS TO BE EVALUATED Satlsfacto^ Unsatisfactory 



1, The student selected proper materials. 

2. The student used safety precautions, 

3* The student demonstrated two methods for 
locating position to mount dimmer* 

^4* The student secured the electrical con^ 
nections* 



*5* The student secured the dimmer control. 



*6# The student found the proper location for 
mounting the dimmer. 

*7* The student mounted the dimmer making 
proper electrical connections* 

8. The student finished the task within a 
reasonable amount of time* 



9* The student completed the task in a work- 
manship like manner* 

10* The student dismantled the project and 
returned the materials to their proper 
places* 

♦Required for competency 

APPROVED; YES NO 



Evaluator's Sl^atura 



Date 



DUTYi INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 17 

TASK^ Install/conneot heat^a^vent lif;ht. 

STANDARD OF PERFORMANCE OF TASKi The unit must be installed with 
clearance from frame work as fecommended by the manufacturer. All 
connections must be tight and suitable for the purpose* The heat* ventf and light 
must be controlled by separate switch functions. Correct polarity must be 
maintained* The installation of the heat-a-vent light must meet the requirements 
as outlined by the National Electrical Code (Article 110^ 300, and 310) and the 
local authority having jurisdiction. 

SOURCE OF STANDARD: 

Tennessee Writing Team. 

National Eleotrldal Code, pp, 16-24, 113-122, 124-161, 

CONDITIONS FOR PERFORMANCE OF TASK: 
1* Heat^a-vent light 

2. The basic tool kit 

3. Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1, Identify heat-advent terminoiogy. 

2* Determine the proper tools and materials to be used* 

3. Read and interpret information furnished by the manufacturer* 

4. Read and interpret the National Electrical Code. 
5* Recall the technique of locating the ceiling point. 

RESOURCES: 

Mullin. EleotFical Wiring Residential, pp* 173-175, 
National Eleetrioal Code, 19Slp Articles 110, 300 and 310. 

TEACHING ACTIVITIES; 

1* Instruct the student to read Electrieal Wiring Residential, pp* 173^175, The 

National Electrical Code* Article 300-310* 
2* Discuss different usage of heat-a-vents, 

3. Identify different ceiling textures* 

4. Demonstrate use of the stud finder, 

5* Have student practice using stud finder. 

6* Have student discuss importance of locating the studs. 

CRITERION REFERENCED MEASUREi 
Questional 

1. The heat^a^vent fan usually operates on a wattage ofi 

a. 1500W 

b. lOOOW 

c. 737W 

d. 1475W* 
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PERFORMANCE OBJECTIVE V-TECS 17 (Continued) 



2. 



The heat-a-vent light is connected to 



circuit. 



a. A23 

b. A15 
A25 

d, A30 



3« How many and what size wires are used to control the heat^a^vent fani 

a. 3-wire #10 

b. 2-wire #14 

c. 2-wire #12 

d. 3-wire #8* 



1. d 

2. a 

PRACTICAL APPLICATIONi 

Install and secure a heat^a-vent light. Unit must be centered between ceiling 
Joist- The unit must be flush with ceiling finish. 

METHOD OF EVALUATING PRACTICAL AI^PLICATIONi 

Use the Checklist Performance Objective 17 to determine if the assignment was 
completed with at least 90 percent proficiency* 

PERFORMANCE GUIDE: 

1* Locate installation point. 
2* Turn power off* 

3. Determine that power is off by checking conductor(s) at the point of 

connection(s) with voltage tester, 
4* Read manufacturer's installation instructions. 

5. Install the housing per instructions. 

6. Attach previously run wire from power source to the housing using a cable 
clamp and the appropriate knockout, 

7. Remove approximately 3/4-inch of insulation from each conductor, 
8* Identify all conductors, 

9. Make all wiring connections observing polarity. 
10* Connect the ground wire, 

11. Install cover plates on junction boxes to cover exposed wlflng. 

12. Install trim. 

13. Turn power on* 

14. Assure required operation. 



Answersx 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS IT EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF THE HEAT-A-VENT LIGHT 



Student-s Name Date 

DIRECTIONS TO STUDENTi Install and secure a haat--a-vent light. The unit must 

be centered and flush with the ceiling finish. 

DIRECTIONS TO EVALUATORi The Instructor will observe the student using proptr 

safety proGedures. The task is to be completed within 
a reasonable time limit with 90 percent proficiency* 

ITEMS TO BE EVALUATED Satisfaoto^ Unsatlsfaato^ 

1* The student selected proper materials. 

2. The student used safety precautions* 



3. The student demonstrated two methods for 
finding the center of the area* 

*4. The student secured the heat^a^vent light. 

*5. The student secured the electrical con-- 
nections. 

*6# The student found the proper location for 
mounting the heat-a-'vent light* 

*7* The student mounted the heat-advent light 
making all eleotrioal connections* 

8. The student finished the task within a 
reasonable amount of time* 

9, The student completed the task in a work- 
manship like manner. 

10* The student dismantled the project and re- 
turned the materials to their proper places, 

^Required for competency 

APPROVEDi YES No 



Evsduator-s Slfnaturi^ Date 
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DUTYi INSTALLING LIGHTING FIXTURES 
PERFORMANCE OBJECTIVE V-TECS 18 
TASKi Connect/Install light fixture. 

STANDARD OF PERFORMANCE OF TASKs Light must burn when switch ii on. 
Fixture must cover hole and present a finished appearance. Correct polarity must 
be maintained. The Installation of the light fixture must meet the requirements as 
outlined by the National Electrical Code (Article 110^ 300, 310, and 410) and the 
local authority having jurisdiction* 

SOURCE OF OTANDARDi 

Tennessee Writing Team* 

National Eleotrlo^ Code, pp, 16-24, 113-122, 124-161, 267-283* 

CONDITIONS FOR PERFORMANCE OF TASKs 

1* Light fixture 

2. Power source 

3* Previously roughed in wiring 

4. The basic tool kit 

5. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1* Identify electrical boxes by terminology* 

2* Identify light fixture by terminolo^, 

Bm Determine the proper tools and materials to be used* 

4. Read and interpret blue prints and ichematics, 

5* Recall the technique for locating the installation point, 

RESOURCESi 

Alerlch. Eleotrioal Conatruotion Wiring, pp* 25-38* 
Mullln. Eleotriaal Wiring Residential, pp. 72-131* 
Mix* Houie Wiring Simplified, pp. 76-77, 87-98* 
The National Electria^ Codef Article 410* 

TEACHING ACTIVlTIESs 

1* Instruct the student to read Eleotrical Conitruetion Wiring, pp* 25^38, 

Elaetrioal Wlrinf Residantial, pp* 72-131* House Wiring Simplified, pp. 76- 

77, 87-98, The National Electrloal C^e, Article 410, 
2t Discuss different types of eleotrical light fixtures. 
3* Identify different fixtures* 

4. Identify different types of wail and ceiling materials* 

5* Demonstrate procedurei used to find installation point* 

6* Have the students discuss why proper installation Is important. 

CRITERION REFERENCED MEASURE: 
Questional 

1* What is the ampere rating of the kitchen lighting circuit? 
a. 30A 
b* 10 A 
c* 20A 
d* 15A 
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PERFORMANCE OBJECTIVE V-TECS 18 (Continued) 



2. Who is to select the lighting fixtures? 



a* 


Home owner 


b. 


Arehlteat 


e. 


Eleetrieian 


What 


type of light f ixtures are installed on workshop ceilings? 


a. 


41 AMP fluorescent 




Ineandeicent 




2 lamp fluorescent 



1. d 

2. a 

3. c 

PRACTICAL APPLICATIONi 

Install and secure a light fixture* Caleulate proper ampere and conneot to proper 
oirouit breaker* Cheak for eorreet operation- 

METHODS OF EVALUATING PRACTICAL APPLICATIONi 

Use Cheeklist Performance Objeetive 18 to determine if the assignment was 
compltted with 90 percent proficiency* 

PERFORMANCE GUIDES 

1# Locate Installation point. 

2. Turn power off. 

3. Determine that power is off by checking eonductor(s) at the point of 
connection(s) with voltage tester* 

4. Read manufacturer's installation instructions. 

5* Connect fixture wire to power supply observing polarity* 

6. Connect ground wire. 

7. Attach fixture base to box with screws supplied* 

8. Install lamps. 

9. Turn power on. 



EKLC 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 18 EVALUATION 
PERFORMANCE TECT FOR INSTALLATION OF A LIGHT FIXTURE 

Student's Name Date 

DIRECTIONS TO STUDENTS Install and secure a light fixture. Work must be neat 

and light should work from switch locations* 

DIRECTIONS TO EVALUATORi The Instructor will observe the itudent uilnf proper 

safety procedures. The task is to be eompleted within 
a reaionable time limit with 90 percent proficiency. 

ITEMS TO BE EVALUATED Satisfaetory Unsatlafaatoiy 

1. The student selected proper materials. ______ ______ 

2. The student used safety precautions. 

3. The student demonstrated two methods for 

finding Installation point. _ 

*4, The student secured a receptacle box. _ _ _ . 

*5. The student secured the light fixture* 

*6. The student found the proper location for 

mounting a receptacle box. 

*7. The student mounted the light fixture and 
made necessary electrical connections* 

8* The student finished the task within a 

reasonable amount of time. __ 

9. The student completed the task in a work- 
manship like manner. . _ 

10. The student dismantled the project and re^ 
turned the materials to their proper places, 

^Required for competency 

APPROVEDi YES NO 

Evaluator's Signature Date 



64 

60 



DUTYi INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 19 

TASEi Install/oonneet photo^eleetrle oontrol on a light. 

STANDARD OF PERFORMANCE OF TASKi The light must burn at dusk and turn 
off at dawn or when conditions are simulated. The installation of a photo-^ eleetria 
control on a light must meet the requirements as outlined by the National 
Eleetrieal Code (Artiele 410) and the local authority having jurisdiction, 

SOURCE OF STANDARD: 

Tennessee Writing Team. 

National Eleetrloal Code, pp. 267-283. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Photo^electrie control 

2, Power source 

3* Previously roughed in wiring 

4. The basic tool kit 

5* Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1, Identify terminology associated with photo-^electric controls, 
2* Determine the proper tools and materials to be used, 

3, Recall techniques of locating installation point, 

4, Read and interpret the National Electrical Code, 

RESOURCESi 

Alerich, Eleotria^ Coi^truction Wirings pp, 128-129. 
The Nation^ Elaotrical Codep 1981* Article 410, 

TEACHING ACTIVITIESi 

1. Instruct the student to read Eleetrio^ Construction Wiring, pp, 128-129? and 

National Elaotrioal Codap Article 410, 
2* Discuss the usage of photo-electric cells, 

3, Identify different types of photo-electric cells* 

4. Identify areas where photo-electric should be mounted, 

5, Demonstrate procedures necessary to install photo-electric cell. 

6. Have students discuss why proper location is important. 

CRITERION REFERENCED MEASUREi 
Quastiona: 

1. One of the common uses of photo-electric cells isi 

a. Hallway light 

b. Time delays 

c. Dimmer switch 

d. Security light. 



PERFORMANCE OBJECTIVE V-TECS 19 (Continued) 

2* The photo-^eleetric cell at supermarkets is used tot 

a. Open doors 

b* Operate lights 

O* Security 

d. DeaQrative* 
3* The photo-electric cell is a wire device, 

a. one 

b. two 
C. three 
d* four 

Answers: 

1* d 
2, a 
3* c 

PRACTICAL APPLICATIONS 

Install a security light operated by a photo-electric celL The light must operate 
when the cell is covered and extinguished when the cell is exposed to light, 

METHODS OF EVALUATING PRACTICAL APPLICATIONS 

Use Checklist Performance Objective 19 to determine if the assignment was 
completed with a 90 percent proficiency. 

PERFORMANCE GUIDBs 

1* Locate light to receive photo-electric controL 
2* Turn power off. 

3. Determine that power is off by checking conduct or(s) at the point of 
connection(s) with voltage tester. 

4. Read manufacturer's installation instructions. 
5* Take light down. 

6* Check light for a knockout that will accept the photo celL If none exists, 

use drill or other means to make the desired hole, 
?. Attach photo-electric control to light base, 

8, Connect wire ends per manufacturer's Installation instructions. 

9, Hang light. 

10* Turn power on, 

11* Test according to manufacturer's Installation instructions* 
12* If instructions are not supplied^ 

a. Place a dark covering over cell lens. Light should come on in 

approximately three minutes* 
b* Remove dark covering* Light should stop burning In approximately 
three minutes* 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 19 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A PHOTO-ELECTRIC CELL 



Studant's Name Date 

DIRECTIONS TO STUDENTi Using the materials furnished, connect a photo- 
electric celU The light must operate as per 
instructions, 

DIRECTIONS TO EVALUATORi Observe the student following safety procedures. The 

task must be completed within reasonable time limit 
with 90 percent proficiency* 



ITEMS TO BE EVALUATED Satlsfacto^ Uniatlifactory 



1, The student selected proper materials* 

2, The student used safety precautions. 

3, The student demonstrated two methods for 
installing the celL 

*4. The student secured the photo-cell* 

*5. The student secured the lamp* 

*8* The student found the proper location 
for mounting photo-electric cell* 

*T* The student mounted the cell facing 
away from the lamp* 

8* The student finished the talk within a 
reasonable amount of time* 



9. The student completed the task in a work- 
manship like manner. 

10, The student dismantled the project and re- 
turned the materials to their proper places. 

^Required for competency 

APPROVEDs Yes No ^ 



EvaluatOF's Signature 



Date 



DUTYi INSTALLING LIGHTING FIXTURES 



PERPORMANCE OBJECTIVE V-TECS 20 
TASKi Connect/install post lights. 

STANDARD OF PERFORMANCE OP TASKi Light post must be securely anchored 
and vertically plumb In ground. Light must be controlled by a switch or a photo^ 
cell or other approved means. Post lights must be grounded if metallic* Correct 
polarity must be maintained. The installation of post lights must meet the 
requirements as outlined by the National Electrical Code (Articles llOj 300, 310, 
and 410) and the local authority having Jurisdiction. 

SOURCE OF STANDARD: 
Tennessee Writing Team* 

National Eleotrloal Code^ pp. 16-24, 113-122, 124=161^ 267-283, 

CONDITIONS FOR PERFOEMANCE OF TASKi 

1. Post lights 

2. Power source 

3. Previously roughed in wiring 

4. The basic tool kit 

5* Installation/electrical materials. 

ENABLING OBjECTIVE{S)i 

1* Identify the terms associated with underground wiring* 

2. Determine the proper tools and materials to be used, 

3. Read and interpret information sheet furnished by the manufacturer. 

4. Recall the techniques of locating the installation area. 

5. Read and interpret the National Electrical Code. 

RESOURCESi 

Mullin* Eleotrioal Wiring Resident lalp pp. 79^80* 
The National ElectFical Code, Articles 300 and 410* 

TEACHING ACTIVITIES: 

1, Instruct students to read Electrical Wiring Residential, pp. 79-80 and 

National Electrical Codei Articles 300-5 and 410-4* 
2* Discuss the uses of conduit* 

3* Explain how to determine the depth to bury the cable. 
4. Demonstrate the method of installing the post* 

5* Have student demonstrate the mounting and connecting of the light* 

6. Have student discuss why weatherproof connections are important. 

CRITERION REFERENCED MEASUREi 
Questionss 

1. What is the minimum depth tJF cable can be buried direct? 

a. 12" 

b. 24" 
C* 18" 
d. 15" 
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PERFORMANCE OBJECTIVE V-TECS 20 (Continued) 



2. What Is the minimum depth UF cable with 2" concrete cover can be buried? 



a« 


12" 


b. 


18" 


c. 


6" 


d. 


2" 


What sections o 


a* 


410-4 (a) 


b. 


300-5 (d) 


c. 


250-45 (c) 


d. 


250-42 



Answersi 

1. a 

2. c 

3. d 



PRACTICAL APPLICATIONS 

Install and secure a post lights making all connections weather proof* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist Performance Objective 20 to determine if the task was completed 
in a reasonable time limit with 90 percent proficiency. 

PERFORMANCE GUIDEi 



1, 


Locate installation point* 




2, 


Be sure post is well anehoredp 




3. 


Turn power off* 




4. 


Determine that power is off by checking 


conductor(s) at the point of 




conneetionCs) with voltage taster. 




5. 


Read manufacturer-s installation Instructions* 




6, 


Connect post light wire endg to power source 


observing polarity* 


7. 


Connect ground wire. 


8. 


Attach fixture to post* 




9* 


Install lamps. 




10, 


Turn power on. 




11. 


Assure required operation of light. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 20 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF A POST LIGHT 



Student's Name Data 

DIRECTiONS TO STUDENTi Install nnd weatherproof the post light, making sure 

all elec cal eonneGtions are secured* 

DIRECTIONS TO EVALUATORi Observe the student following safety procedures, the 

task should be Qompleted within reasonable time 
limits and within 90 pereent proficienoy for minimum 
competency, 

ITEMS TO BE EVALUATED Satisf aeto^ Unaatisfaatoiy 

Ip The student selected proper materials, _ 

2, The student used safety precautions, ______ 



3* The student demonstrated two methods for 
determining correct fixture* 

*4, The student secured the light fixture. 

*5, The student secured the electrical con^ 
nections* 

*6* The student mounted the fixture and 
weatherproof ed all connections. 

7, The student finished the task within a 
reasonable amount ©f time, 

8, The student completed the task in a work- 
manship like manner, 

9* The student dismantled the project and re- 
turned the materials to their proper plaeei. 

*Required for competency 

APPROVEDs Yes No ^ 



IP 



Evaluator's Signature Date 
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DUTY; INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 21 

TASKi Install/eonnect power failure lighting* 

STANDARD OF PERFORMANCE OF TASKi The power failure light must be 
located to give maximum light when aetivated. All conneetions must be tight. The 
light fiKture must be securely fastened to structure and must burn when the power 
has been disrupted. The installation of the power failure lighting must meet the 
requirements as outlined by the National Electrical Code (Article 700) and the 
local authority having jurisdiction* 

SOURCE OF STANDARDS 

Tennessee Writing Team* 

National Eleetrical Code, pp, 577-581* 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. Power failure lighting device 

2. A power source 

3. The basic tool kit 

4. Installation/eleetrical materials* 

ENABLING OBJECTIVE(S)s 

1* Identify the terminology used with emergency lighting systems. 

2. Determine the proper tools and materials to be used- 

3. Read and interpret information from blueprints and floor plans* 

4. Recall technique of locating area for mounting system, 

5. Read and interpret the National Electrical Code* 

RESOURCESi 

The National Electrical Code, 1981, Article 716, 

TEACHING ACTIVITIESi 

1* Instruct the student to read The National Eleetrioal Coda, Article 700 — 

Section D, pp* 580-581. 
2* Discuss the different usages of emergency lighting systems, 
3. Identify the different types of systems, 
4* Demonstrate procedures used to install emergency units* 
5* Have students practice finding locations for installing units. 

6. Have students discuss why proper installation is important* 

CRITERION REFERENCED MEASUREi 
Quest iof^i 

1. The emergency system controls ______ lights and all other systems for 

illumination, 
a* exit 
b* security 
c. hallway 
d* office 



PERFORMANCE OBJECTIVE V=TECS 21 (Continued) 



2. Circuits for emergency lighting must comply with the National Electrical 
Code Section! 

a. 700-18 
700-20 

c. 700-12 

d. 700-22. 

3. Items that may not be connected to the emergency system ares 

a. Furnace 

b. Appliances 

e. Random lights 
d» All of the above* 



PRACTICAL APPUCATIONi 

Install and secure an emergency lighting unit* The unit must be installed where 
maximum illumination will occur, 

METHODS OF EVALUATING PRACTICAL APPLICATION! 

Use Checklist Performance Objective 21 to determine that the task was 
completed with a 90 percent proficiency, 

PERFORMANCE GUIDEi 

1, Locate installation point. 

2, Turn power off* 

3* Determine that power is off by checking conduotor(s) at point of 

connectlon(s) with voltage tester* 
4, Read manufacturer's installation instructions. 

5* Attach the power failure light to the structure per manufacturer's 
instructions, 

6* Fasten branch circuit, cable or conduit to the light. 
7* Remove approximately 3/4-inch insulation from each conductor. 
8* Make all electrical connections observing polarity. 
9* Install all cover plates on Junction boxes to cover exposed wiring. 
10* Turn power on* 

11. After power has been on for a time sufficient to charge the batteries^ turn 
power off or push test switch. 

12. Assure required operation* 



Answersi 



1. a 

2. c 

3. d 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 21 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF POWER FAILURE LIGHTING SYSTEM 



Student^s Nama Date 

DIRECTIONS TO STUDENTj Install an emargency lighting unit. The unit must be 

located near the top of the wall and must light exit 
signs in necessary areas. 

DIRECTIONS TO EVALUATORi Observe the student practioing safety procedures* The 

task must be completed in reasonable time limit with 
90 percent proficiency* 



ITEMS TO BE EVALUATED Satlifaetory UtiBatisfaotopy 



1. The student selected proper materials. 



2. The student used safety precautions* 



3, The student demonstrated two methods for 
installing light failure system. 



*4* The student secured the light unit. 



5, The itudent secured the electrical 
connections. 



*6, The student found the proper location for 
mounting the light failure unit* 



*7* The student mounted the emergency unit 
and checked for proper operation* 



8. The student finished the task within a 
reasonable amount of time* 



9. The student completed the task In a 
workmanship like manner* 



10. The student dismantled the project and returned 
the materials to their proper places. 



^Required for competency 
APPROVEDs Yes No 



Ev^uatof *s Signature Date 
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DUTYs INSTALLING LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 22 

TASKi Install/eonnect moisture resistant fixtures, 

STANDARD OF PERFORMANCE OF TASKi Fixtures must be installed in the 
desired location* All gaskets^ globes, and/or seals must be installed so the fixture 
will be moisture resistant. The fixture must be controlled by a switch or other 
means. All fixtures must be Installed according to the f ixture^s design. 

SOURCE OF STANDARDi Tennessee Writini Team* 

CONDITIONS FOR PERFORMANCE OF TASKi 
1, Moisture resistant fixtures 
2* Power source 

3. Previously roughed in wiring 
4* The basic tool kit 

5, Installation/electrical materials. 

ENABLING OBJECTIVE(S): 

1. Identify weatherproof fixtures by terminology, 

2. Determine the proper tools and materials to be used, 
3* Read and interpret manufacturer's instructions, 

4. Recall technique of locating installation point, 
5* Read and Interpret the National Electrical Code* 

RESOURCESs 

Alerich* Electrical Conatruotion Wiring, pp, 40^41, 

Mullim Electricsi Wifing Residential, pp, 75, 80, 104-106, 113, 117 and 126. 
National Electrical Code, 1981* Article 710, 

TEACHING ACTIVITIESi 

1. Instruct the student to read Electrical Contraction Wiring, pp* 40-41, 
Electrical Wiring Rasidentlal, pp. 75, 80, 104-106, 113, 117 and 126. National 
Electrical Codet 1981, Article 710-8. 

2. Discuss different uses of moisture fixtures, 

3. Identify different moisture areas, 

4* Demonstrate procedures for locating installation area. 

5. Have student practice finding areas of moisture. 

6. Have student discuss reason for using weatherproof fixtures in moisture 
laden areas. 

CRITERION REFERENCED MEASURE: 
Questional 

1. Outdoor fixtures must be marked suitable fori 
a. Damp locations 
b* Dry locations 
c. Wet locations. 




PERFORMANCE OBJECTIVE V-TECS 22 (Continued) 

2. What type of eonvenience outlets are found on the porch? 





3 OA, 


b. 


220V. 




20A. weather proof 


d. 


24V. 


What 


sections of the code 


a. 


210-15 


b. 


210-7 


0. 


210-8 


d. 


210-7 and 210-8. 



Answapsi 

1. a 

2. c 

3. d 

PRACTICAL APPLICATION 

Install and secure porch light. The light must be a weather light located in the 
proper location. 

METHODS OF EVALUATING PRACTICAL APPLICATIONi 

Use Cheeklist Performance Objective 22 to determine if the task is completed 
with a 90 percent proficiency. 

PERFORMANCE GUIDES 

1. Locate Installation point* 

2. Turn power off* 

3. Determine that power Is off by checking conductor(s) at the point of 
connect!on{s) with voltage tester. 

4. Read manufacturer's installation instructions* 

5. Install box or fixture housing per manufacturer's installation instructions* 

6. Make wiring connections observing polarity. 

7. Attach lamp assembly to housing or outlet box. Make certain that all 
gaskets and seals are In place. 

8. Turn power on* 

9* Assure required operation* 
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CHECKLIST FOR PEEPORMANCE OBJECTIVE V-TECS 22 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF MOISTURE RESISTANT FIXTURE 



Student's Name Data 

DIRECTIONS TO STUDENTi Install and secure a weather proof fixture. The 

fixture must be the correct height and properly sealed 
from moisture. 

DIRECTIONS TO EVALUATOR^ Observe the student using proper safety techniques. 

The student is to complete the task within reasonable 
amount of time with 90 percent profioiency. 



ITEMS TO BE EVALUATED Satiifaetory Unsatisfactofy 



1. The student selected proper materials. 

2. The student used safety precautions. 

3. The student demonstrated two methods for 
locating Installation point. 

*4* The student secured a fixture. 



*5. The student secured an electrical con^ 
neotion. 



*6. The student found the proper location 
for mounting a weatherpfoof fixture* 

*7* The student mounted the moisture proof 
fixture and checked for operation. 

8* The student finished the task within a 
reasonable amount of time. 



9, The student completed the task in a 
workmanship like manner. 



10. The student dismantled the project and re- 
turned the materials to their proper places. 

^Required for Competency 

APPROVED: Yes No 



Evaluato^s Slfnature Date 
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DUTY! INSTALLmG LIGHTING FIXTURES 



PERFORMANCE OBJECTIVE V-TECS 23 

TASKi Install/conneGt pilot light to show when applianee is on, 

STANDARD OF PERFORMANCE OF TASKs Pilot light must be installed where it 
will be readily visible and must burn only when unit or applIanGe is in operation* 

SOURCE OF STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASK: 
1- Pilot light 

2, The unit 

3. Appliance or equipment to receive the pilot light 
Power source 

Previously roughed in wiring 
The basic tool kit 
7* Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

!• Identify pilot light terminology. 

2* Determine the proper tools and materials to be used. 

3. Interpret written manufacturer's Instructions furnished with pilot lamp- 

4, Recall the techniques of connecting pilot light. 

REaDURCESs 

Mullinj Elaetrloal Wiring Residential^ p* 76, 
Alerich, BleotFloal Constfuotion Wiring, pp. 130-132. 

TEACHING ACTIVITIES! 

1, Instruct the student to read Eleetrieal Wiring Residentifap p. 76 and 
Electrical Construction Wiring, pp. 130^132, 

2* Discuss uses for pilot lights. 

3* Identify the types of pilot lights* 

4. Demonstrate the methods of Installing pilot lights* 

5. Have students practice reading the wiring diagram. 

6. Have student discuss why proper installation is important, 

CRITERION REFERENCED MEASUREi 
Questionsi 

1* Where are pilot light switches used? 
a* Living room 
b* Kitchen 

c. Bedroom 

d. Furnace room 

2. What does the pilot light on the oven Indicate? 

a. High 

b. Low 
c* On 
d. Broil 



PERFORMANCE OBJECTrVE V-TECS 23 (Continued) 



3. The switch light is illuminated when the switch \bi 

a. On 

b. Off 

e. (a) and (b) 
(a) nor (b) 

Answers: 



PRACTICAL APppiCATIONi 

Install and seeure a pilot light switch in the fmrnace room. The switch must 
illuminate when in the off position. 

METHODS OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist for Performance Objective 23 to determine the ta.^k has been 
completed with a 90 percent proficiency, 

PERFORMANCE GUIDEi 

1* Locate appliance or equipment to receive th^ pilot light. 

2. Locate installation point of pilot light. 

3. Turn power off. 

4. Determine that power is off by checkings eonductorCs) at the point of 
conneetion(s) with voltage tester. 

5. Read manufacturer's installation Instructions* 

6. Attach pilot light to appliance or equipment. 

7. Run wire of correct sl^e from load side of equipment terminals to the pilot 
light. 

8. Connect wire ends of pilot light to wires run from load terminals. 
9* Turn power on. 

10. Assure required operation. 



1. 
2. 
3. 



d 
0 



b 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 23 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF PILOT LIGHT SWITCH 



Student's Name Date 

DIRECTIONS TO STUDENTi Initall and secure a pilot switch. The switch must be 

installed In an area accessible from doorway, 

DIRECTIONS Tp EVALUATORi Observe the student using proper safety procedures. 

The task must be complete within reasonable time 
limit with 90 percent proficiency. 



ITEMS TO BE EVALUATED SatiifaatOFy Unsatisfaotory 



1- The student selected proper materials. 

2, The student used iafaty precautions, 

3* The student demonstrated two methods for 
locating installation area, 

*4, The student secured the electrical con^ 
nectlons* 



*5* The student secured the switch* 



*6. The student found the proper location for 
mounting the pilot sv^lteh, 

*7, The student mounted the switch and made 
neeessary operational check* 

8. The student finished the task within a 
reasonable amount of time. 



9, The student completed the task in a work-^ 
manshlp like manner* 

10, The student dismantled the project and re^ 
turned the materials to their proper places* 

^Required for competency 

APPROVEDi Yes No 



Evaiuator'i Sifnature Date 



INSTALLING SERVICE ENTRANCE 
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DUTYi INSTALLING SERVICE ENTRANCE 
PERFORMANCE OBJECTIVE V-TECS 24 

TASKS Ground serviae entrance equipment* 

STANDARD OF PERFORMANCE OF TASK: Connections must be made at 
designated points and must be tight. The grounding of service entrance equipment 
must meet the requirements as outlined by the National Electrical Code (Article 
250, Parts H* J, and K) and the local authority having jurisdiction, 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National ElectHoal Codep pp. 97-107, 

CONDITIONS FOR PERFORMANCE OF TASKi 

!• The basic tool kit 

2. rnstallation/electrical materials, 

ENABLING OBJBCTIVE(S)s 

1. Read and interpret residential blueprints, 

2. Read and interpret the National Electrical Code, 

3. Identify and use service entrance grounding equipment. 

RESOURCESi 

Mullin. Elactrioal Wiring, Residential^ pp. 227-231, 

Richter. Practical ElectHoal Wiringp Chapter 9 and pp. 298-305. 

National Eleotrical Code, 1981* 

TEACHING ACTIVITIESi 

1. Explain the purpose of the system grounding concept. 

2. Illustrate what could happen if system is not frounded properly and a short- 
to-p:*ound occurs, 

3* Explain the National Electrical Code requirementi for grounding electrode 
sizes and types* 

4. Explain the National Electrical Jode requirements for grounding electrode 
conductor siEes and types, 

5. Have the students calculate grounding conductor si^es for various size 
residential services. 

CRITERION REFERENCED MEASURBs 
Questional 

1, Which of the following could NOT be used as a grounding electrode? 

a, 3/4-inch trade size galvanized pipe, 

b. 5/8-ineh steel rod, 

c, 1/2-inch Iron rod* 

d. 2 square foot metal plate, 1/2-ineh thick. 
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PERFOEMANCE OBJECTIVE V-TECS 24 (Continued) 



2. What size copper grounding eleetrode eonduotor is required for a 200-^ 
ampere service entrance? 

a. AWG No. 2 

b. AWG No. 4 
e- AWG No. 6 
d, AWG No. B 

3, Which of the foliowing copper grounding eleetrode eonductors would require 
protection from physical abuse? 

a, AWG No. 2 
AWG No. 4 

c. AWG No. 6 

d. AWG No. 8 

AnaweFsi 

1, c 

2, b 

3, d 

PERFORMANCE GUIDEi 

1. Remove meter base cover* 

2. Locate all installation points. 

3. Apply corrosive inhibitor if required by authority having jurisdiction* 

4. Terminate grounding conductor at point designated by the authority having 
jurisdiction* 

5« Drive ground rod or bury grounding electrode. 

6. Fasten ground wire to grounding electrode with a clamp approved for direct 
buriah 

7. Attach wire to surface of structure. 

8* If a metal water system is installed, extend the grounriing conductor to the 
water pipe* 
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DUTYs INSTALLING SERVICE ENTRANCE 



PERFORMANCE OBJECTIVE V-TECS 25 

TASKi Install circuit breakers In panel. 

STANDARD OF PERFORMANCE OF TASKi Breaker must be qualified for panel 
and must be inserted so that they fully engage the busses and such that the load is 
distributed equally. The ampaeity rating of the circuit breaker must not exceed 
that of the circuit conductors. The installation of the circuit breakers must meet 
the requirements as outlined by the National Electrical Code (Articles 240 and 
384) and the local authority having jurisdiction, 

SOURCE OF STANDARD! 
Tennessee Writing Team, 

National Eleotrical Code^ pp* 74-83, 241-246. 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. Circuit breakers 

2. The basic tool kit 

3. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1. Read and Interpret residential blueprints* 

2. Read and interpret the National Electrical Code, 

3. Identify and use circuit breakers by size and type. 

RESOURCESs 

Mullin, Eleetrioal Wiring, Reiidential, pp. 234-236. 
Richter. Praotleal Eleetrioal Wiring, pp* 90-92. 

TEACHING ACTIVlTIESi 

1* Explain the trip-free operation of a circuit breaker* 
2* Explain the ambient temperature compensation for circuit breakers. 
3* Have the students identify various circuit breakers by size and type of 
installation* 

4. Demonstrate the procedure for installing various types of circuit breakers in 
the panels. 

5. Demonstrate the procedure for continuity tasting circuit breakers with a 
VOM. 

6. Have the students install the various circuit breakers in the panels. 

7* Have the students test the continuity of the various types of circuit 
breakers* 

CRITERION REFERENCED MEASUREi 
Questions: 

1* The magnetic coil of a circuit breaker causes the breaker to trip; 

a. On an overload 

b. On a short circuit 

c. On an open circuit 
d* On high resistance. 
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PERFORMANCE OBJECTIVE V-TECS 25 (Continued) 



2. 



An ambient temperatura compensated circuit breaker has two elements* One 
element heats as a result of current passing through It and the other heats 
from, 

a. Eddy currents 



b. Reverie current 



c- Surrounding air only 
d* Spring tension. 

3. Which of the following is NOT a standard slzm circuit breaker? 

a. 25 amperes 

b. 20 amperes 

c. 15 amperes 

d. 10 amperes, 

4, What size circuit breaker would be used to protect a circuit wired with AWG 
No. 12 conductors? 

a. 20 amperes 

b. 25 amperes 

c. 30 amperes 

d. 35 amperes, 

Answarsi 
1* a and b 

2. c 

3. a 

4. a 

PERFORMANCE GUIDEi 

1, Check breaker si^e and type to insure that the breaker is suitable for use in 
panel. 

2, Insert breaker in breaker box. 

3, Assure continuity with VOM. 
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DUTYi INSTALLING SERVICE ENTRANCE 



PERFORMANCE OBJECTIVE V-TECS 26 
TASKi Install main service panel, 

STANDARD OF PERFORMANCE OF TASK.- The main service panel and 
Installation must meet the requirements as outlined by the National Electrical 
Code (Articles 110, 230, 384) and the local authority having jurisdiction. 

SOURCE OF STANDARDS 
Tennessee Writing Team* 

National Electrical Code, pp. 16-24, 57-74, 241-246. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* The main service panel with main breaker installed in panel 

2. The basic tool kit 

3. Installation/electrioal materials. 

ENABLING OBJECTIVE(S): 

1, Read and interpret residential blueprints. 

2, Read and interpret the National Electrical Code, 

3, Read and interpret local Code requirements. 

RESOURCESi 

MuUins. Eleotrieal Wiring, Reiidentlalp pp. 221-22 1, 
Riohter. Practical Eiectrical Wiring, Chapter 17, 

TEACHING ACTIVITIESi 

1. Explain the importance of locating the main panel to prevent excessive 
voltage drop. 

2, Demonstrate the procedure for installing the service panel on various wall 
surfaces, using different types of mounting hardware, 

3. Demonitrate the procedure for installing raceways from entrance to the 
main service panel using different types of conduit, 

4, Have the students list the parts needed to Install the service panel on the 
different types of wall surfaces, 

5* Have the students install different types of service panels using the 
appropriate mounting hardware* 

CRITERION REFERENCED MEASURE^ 
Questions: 

1, The service disconnecting means permitted by the National Electrical Code, 

shall consist of not more than swltchss or circuit breakers mounted in 

a single enclosure, 

a, two^ double^pole 

b, four 

c, six 

d, five 
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PERFORMANCE OBJECTIVE V=TECS 26 (Continued) 



2* Who deaides where the main service disconnect is to be located? 

a* The electrician 

b. The general contractor 

e* The local utility company 

d* Both a and c 

3* The main service disconnect placement is determined by the location of thm 

a. Residential driveway 

b. Heavy concentration of loads 

c. Meter 

d. Meter and heavy concentration of loads. 

Answersi 

1. e 

2. d 

3. d 

PERFORMANCE GUlDEs 

1* Locate main service panel as near to the point of service entrance as 
possible. 

2. Locate height of main disconnecting means from floor level as required by 

the National Electrical Code. 
3* Remove knockout from main service panel* 

4. Mark hole for raceway. 

5- Cut hole through storm sheathing l/2^inch larger than circle drawn for 
knockout* 

6# Install raceway from point of entrance to main service panel. 
7. Attach service panel to structure. 
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DUTYi INSTALLING SERVICE ENTRANCE 



PERFORMANCE OBJECTIVE V-TECS 27 

TASKi Install mast^type (through the roof) serviae entrance. 

STANDARD OP PERFORMANCE OF TASKi All work must be done in a manner 
to prevent water from entering the system. Service mast must also be able to 
support service drop. The roof elearancess size and type of conduit must meet the 
requirements of the National Electrical Code (Article 230, Part C and Article 310) 
and the local authority having jurisdiction. Service entrance conductars must not 
be shorted or grounded and be the correct size and type. 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Eleetrieal Code, pp* 59-60, 124-161. 

CONDITIONS FOR PERFORMANCE OF TASK: 

1. Necessary equipment and the basic tool kit 

2. One roof flange (sized to conduit) 

3. Weatherproof weatherhead 

4. Fittings* 

ENABLING OBJECTIVE(S)i 

1* Read and interpret residential blueprints. 

2* Read and interpret the National Electrical Code. 

3. Read and interpret local Code requirements. 

RBSOURCEBi 

Rockis. Residential Wiring, Unit 11. 
Colvin, Electrieal Wiring, pp. 127-132. 

TEACHING ACTlVlTIESi 

1. Explain the purpose of the mast type service entrance, 

2. Demonstrate the procedure for the installation of the meter base as spotted 
by the power supplier* 

3* Demonstrate the procedure for the routing of the mast from meter base 
through the roof. 

4. Demonstrate the procedure for installing the roof flange and weatherhead. 

5. Demonstrate the proper procedure for placing the service entrance 
conductors Into the conduit using wire lubricants. 

6. Demonstrate the testing procedures for shorts and grc ands In the service 
entrance conductors. 

7* Have the students list all the parts needed to install a mast^type service 
entrance. 

8* Have the students assemble a mast^type service entrance, using accepted 
practiees and testing procedures. 
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PERFORMANCE OBJECTIVE V-TECS 27 (Continued) 



CRITERION BEFEttENCED MEASXJREi 
Quastionsi 

1* The s^rvici entrance weatherhead should be installed so that the service 
drop conijuctors are at least feet above ground level. 

a. 15 

b, 12 
10 

d. 8 

2* fhe metersocket is normally mounted^ 

a* A ruaximum of 7 feet to top of meter 

b» A rnlnirnum of 4 feet above service entrance ell 

e. At eje level, 66 inches above grade 
d. At the height of ttie owner* 

3. Conduit parsing from ttie outside to the inside must be sealedi 
a* To privent rain water from entering conduit 
b. To pravent rodents from entering the building 
0* To pravent the Installation of too many wires 
d. To prevent air ciroulation through the conduit* 

Answerss 

1. 0 

2. 0 

3. d 

PERFORMANCE GUIDE: 

1, ReqUcit power suppliet* to spot meter base* 

2, From metifbase, construct a vertical line to the roof overhang, 
3* Locate oioter of hole on soffit board, 

4* Bora a hole slightly lajger than conduit, through ioff it boardi decking^ and 
roofinf* 

5. Install Conduit through roof down to meter base. 

6. Tighten Gondult into hub of meter base. 

7- Faiten oondult to wall %vith rigid conduit strapSp 
8* Install roof flange around conduit^ secure to roof- 

9* Run servica entrance conductors down to meter base and leave enough of 
free concSiiCtor from top of conduit to meet local requirements. 
10. Connect service entranoe conductors to line lugs of meter base and tighten 
securely^ 

11* Run condyotors from load lugs of meter base to disconnect in main service 
paneU 

12# Install v\?eatherhead witft one wire per hole in weatherhead, 

13* Where conduit enters soffit board, seal with waterproof sealant. 

14* Test seryica entrance conductors for shorts or grounds* 
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DUTYi INSTALLING SERVICE ENTRANCE 



PERFORMANCE OBJECTIVE V-TECS 28 
TASKi Install main service disconneot. 

STANDARD OF PERFORMANCE OFTASKi The main servi^.ee disconneot must be 
installed so that it simultaneously disconnects all ungroUi^aded service entrance 
oonduetors. The main service dlscjonnect must be qualified for use In the service 
entrance and must be of the proper amperage* The main s^&jrvlce disconnect must 
meet the requirements as outlined by the National Electpic— al Code (Article 230, 
Part H and Article 110 and 250) and the local authority havitif g jurisdiction, 

SOURCE OP STANDARD: 
Tennessee Writing Team. 

National Eleotriaal Code» pp* 16-24i 65-67, 83-110, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* The main service disconneot 

2. The basle tool kit 

3« Installation/electrical matertali, 

ENABLING OBJECTIVH(S)i 

1, Read and Interpret residential blueprints, 

2* Read and interpret the Natioral Electrical Code* 

3* Read and interpret local Code requirements- 

RESOURCES: 

Richter, Practioal Electrical Wiping, pp* 225-230. 
Mullin* ElaotFioal Wiring, R#iidantial, pp* 223-227* 
National Electriaal Coda, 1981, Article 230. 

TEACHING ACTIVITIESi 

1. Explain the procedure for IcDeatIng the main servic^ disoonnect using the 

National Elactrioal Code, Artioli230* 
2« Demonstrate the procadur^ tor Installing the mairta service disconnect 

enclosure to the wall surface uslnf different types of flisteountlng fixtures* 
3* Have the students list all of the parts necessary to i^^stall a main service 

disconnect* 

4, Have the students assernble ^ main service disconnect i>^nclosure using typical 
material for their area* 

5. Demonstrate the trimming out and testing of the ^aifi ^service disconnect* 

CRITERION REFERENCED MEASURBi 
Quastionai 

1. The service disconnecting mcins shall be Installed r a readily accessible 
location nearesti 

a* The point of attachment of the service drop 
b* The point of entrance of thi service conduotors 
e. The grounding electrodes 
d. The meter location. 
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PERFORMANCE OBJECTIVE V-TECS 28 (Continued) 



2, The purpose of the main disconnectinf means is to disconnect all conductors 
in the building from the service entrance conductors with no more than 
hand operations* 

a* two 
b, four 
six 

d, eight* 

3, The meter base should be mounted on the outside wall surface! 

a. At eye level* 66" above grade 

b. Directly above main service disconnect 

c. On the street side of the mobile home 

d. Not more than 30 feet from the mobile home* 



PERFORMANCE GUIDEi 

1. Locate installation point for the main service disconnect. 

2. Attach the main service disconnect to the building structure* 

3. Attach feed cables into main service disconnect. 

4. Connect service conductors to the line lugs of the disconnect. 
5* Connect load conductors to load lugs of the disconnect. 

6* Terminate load conductors at load being served* 



Answers: 



1. b 
2* c 
3. c 
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DUTYi Ifc^STALLING SERVICE ENTRANCE 



PERFORFWANCE OBJECTIVE V-TECS 29 

TASKi Initall/connect mobile home garvice. 

ST.^J*DARD OF PERFORMANCE OF TASK: Service must meet the unit data 
plate ratings of the mobile home. All wiring must be inspected by the loeal 
inspector. Connections must be made at designated points and must be tight using 
appc-oved eonnectors. The installation and connections of a mobile home service 
mus^ meet the requirements as outlined by the National Electrical Code (Article 
S5O5 300-5 and 250) and the local authority having jurisdiction, 

socr:RCE of standards 

Tenra^essee Writing Team, 

NatE«nal Electrieai Ccxiet pp. 83-110, 114-115, 477^490. 

COM'DITIONS FOR PERFORMANCE OF TASKs 

1* The basic tool kit 

2* Installatfon/elactrical materials, 

ENABLING 0BJECTIVE(S)2 

1* Read and interpret the National Electrical Code* 
2* Read and interpret the local Code requirements. 
3* Read and interpret the manufacturer's mobile home data plate, 

RESOURC^ES: 

Rlcl^^ar, Practioal Elaetric^ Wiring, pp, 446-452, 
Roefcas, Reiidentlal Wiring, pp. 1S3-184, 

TEACHlMa ACTIVITIESi 

1, Have the students read and discuss textbook Pfaotical Eleotfical Wiring, pp. 
446^452 and Rasidantial Wiring, pp, 183-X84, 

2, Explain how a wiring permit Is obtained from the local authority using 
standard procedures. 

3, Have the students go through the actual procedure for obtaining a wiring 
permit for a sample installation* 

4, Demonstrate the installation procedures for a sample mobile home service. 

5* Have the students install the sample mobile home service using the locally 

approved materials and methods, 
6, Have the local inspector inspect the installation, explaining each step in the 

inspeetion process. 

CRITERION REFERENCED MEASURE: 
Quas^Ionsi 

1* The ampere rating of the mobile home service can be foundi 

a. By calculating the floor area and multiplying by the unit load per 
square foot 

b. By installing only 200 ampere services 

a. On the metal nameplate near the feeder entrance 
d. On the inside corner of the guest closet. 
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PERFOR^MtANCE OBJECTIVE V-TECS 29 (Continued! 



2* The wiring of the mobile home shall be subjeoted to a -mini — it^j ^ 

voltj dielectric test between live parts and the mobile home groua ca. 7 

a. 1* 600 

b. 1, 900 
C. 2» 600 
d. 2, 900 

3p The grounded circuit conductor (neutral) shall be _ t^/from the 
grounding conductors, equipment enclosureiand other grounded p^arts. 





a. 


connected 




b. 


bonded 




c. 


insulated 




d. 


welded 








1. 


e 




2. 


b 




3. 


c 





PERFOHBMANCE GUIDEi 

1. Request power company representative to field check site befor^-e wiring is 
begun* 

2» Obtain a wiring permit, 

3. Erect a creosoted or treated pole as ipecified by local pow^ ^r service 
representative. 

4* Anchor service pole opposite pull of sarvioidrop with approved eqmaipment. 

5- Open a trench to a depth to accommodatithe installation method*^ 

6» Attach meter base to pole at proper height (0'-6') above finiih gracMe. 

7* Install conduit nipple from meter base to watirproof disconneeting^ means* 

8» Attach disconnecting means enclosure to pols, 

9* Install conduit bushing on conduit inside niitir base. 

10. Attach conduit from meter base to top of polet 

11. Strap conduit to pole, 

12. Run conductors from meter base to extend at least 18'^ c^utside of 
weatherhead, 

13* Install weatherhead. 

14- Drive ground rod or bury grounding elecirodi, 

15- Fasten grounding electrode conductor to pounding electrode. 

16. Run conductor from meter base to rain tight disconnecting means. 

17. Install approved raceway from diseonneetinf means on pole to bottom of 
ditch for service entrance. 

18. Install conduit bushing on conduit If applicabls. 

19* Install approved raceway from distribution panel In mobile home to bottom 
of trench* 

20. Install conduit bushings if applicable* 

21, Run entrance conductors from service pole disconnect to diitribi^tion panel 
in mobile home* 

22# Make all wiring connections. 

23* insure that a grounding conductor from grounding terminal of mc^blle home 

distribution panel to frame of home is intact. 
24* Have service inspected* 

25. Fill trench with rock free dirt* If rocks exist, follow local powe» company 
rules for coverage. 
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DUTY: QfSTALLING SERVICE ENTRANCE 



perfor::3wance objective v-tecs so 

TA^^SKs Install iervice entrance cable to service drop* 

ST^^^DARD OP PERFORMANCE OF TASK: Service entrance teable must not be 
inifcalled on maionry or metallic services and must be leeured vvitrhin twelve Inches 
of 'termination and not to exceed intervals of 41 feet, The irr^stallation of the 
serw^iee entrance must meet the requirements as outlined Tty the National 
Electrical Code (Article 230-54, 230-55, 338) and the local ^authority having 
juriffidietion- 

SOCJRCE OF STANDARD: 

T#a_^essee Writing Team, 

Matz^onal Electrical Cc^e, pp, 64| 137-188. 

CO»IDITIONS FOR PERFORMANCE OF TASK: 
1* A iervice entrance cable 

2. A previously installed meter base 

3. The basic tool kit 

4. Installation/electrical materials, 

ENABLIN^O OBJECTrVE{S): 

1^ Read and Interpret the National Electrical Code* 
2. Read and interpret local Code requirementi* 

RESOUEC^ESs 

Colw^in, Electrioal Wirinfj pp. 122-125, 

Ale&ieh, EleatFio^ Conatruation Wiring, pp, 264"266, 

Ricl^ter, pFaotical Eleotrioal Wirinf^ pp, 291-293, 

TEACHlBr-G ACTIVITIES: 

1* Describe the commonly used service entrance (SE) oflbl#^ ^isinf samples of 
each. 

2. Explain the preparation procedures to follow whenuilng alur^iinum cable, 
3* Calculate the length of the SE cable from weatherheid to th.*.^ meter baie, 
4* pemonstrate the removal of the SE cable outer eovirinf* 

5. Demonstrate the preparation of the neutral wire for installation at the 
weatherhead and the meter base. 

6. Demonstrate the Initallatlon of the SE cable in the wiathertteead, 

7. Demonstrate the procedure for Installing the weatherhead a^bove the service 
drop attachment point. 

8. Demonitrate the installation procedures for securing the SB ^i^able to the wall 
surface. 

9. Demonstrate the procedures for installing the watir tight ^^onnector at the 
meter base. 

10. Demonstrate the procedure for installinf the SE eible to the meter baie 
connectors* 

ll* Have the students liit all the materials needed to Install th.- SE cable from 

meter base to service drop attachment point. 
12* Have the students install a SE cable from weathirhiad to i^mmtmr baie on a 

typioal wall surface* 
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PERFORMANCE OBJECTIVE V-TECS 30 (Continued) 

CRiTERlON REFERENCED MEASUREi 
QUeitionsr 

1. Service Enti-an^e eables shall be supported within inches of the meter 

baaiand at intervals not more than feat. 

a. 6, 2 ~~ 

b. 12, 2 
0. 12, 4 
d. 12, 4# 

2* The weatherhea^d should be locatedi 

a. Below the service drop attachment point 

b. Above the service drop attachment point 

0. Not more - than 24 inches from the servioe drop attachmant point 
d. Either b e* 

3- To prevent mor^sture from entering the building, SE eonduetors shall be 
oonneeted to tnmm service drop conductors! 

a. Below the level of the weatherhaad 

b. Below the level of the end of the SE cable Shaath 
0* Below the roof overhang 

d. Either a oc^ 



Anawepsi 

1. d 

2. d 

3. d 



PERFORMAKrCE GUIDEi 

1* Remove meter b*«»ase cover, 

2. Attach cable to nine side of meter base using approved connectors. 

3. Attach cable to surface of structure. 

4* Conneet cable line lugs of meter base, 

5, Terminate uppar end of cable above termination of service drop 

6, Provide suff icieiimt cable to form drip loop, 
T. Replace mater b^ase cover* 
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DUTYi INSTALLING SERVICE ENTRANCE 
PERFORMANCE OBJECTIVE V-TECS 31 

TASKi Install temporary service entrance, 

STANDARD OF PERFORMANCE OF TASK: Install temporary service entranae. 
Installation must provide voltage and ampaotty required. Branch circuits (15 and 
20 ampere) must have ground fault protection. Service must be installed in 
weatherproof enclosure if located outside. The installation of a temporary service 
entrance must meet the requirements as outlined by the National Electrical Code 
(Article 305* 230, 250 and 210-8B) and the local authority having jurisdiction. 

SOURCE OF STANDARDi 
Tennessee Writing Team, 

National Eltetrloal Code^ pp. 32* 57-74* 83-HO* 122-124. 

CONDITIONS FOR PERFORMANCE OP TASKs 

1. The basic tool kit 

2. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Read and interpret the National Electrical Code. 

2. Read and Interpret local Code requirements. 

RE^URCESi 

Rockis, Reiidential Wiring* Unit 11. 

TEACHING ACTIVITIESi 

1. Explain the procedure for determining the location of the temporary service 
entrance (TSE). 

2. Explain the procedure for determining the proper length of the TSE pole. 

3. Describe the TSE components and their function in the Installation. 

4. Demonstrate the assembly of the components on the pole using local code 
requirements. 

5. Have the students make a list of all the materials needed to assemble a TSE, 

6. Have the students assemble a TSE using a typical pole and components. 

CRITERION REFERENCED MBASUREi 
Questiono 

1. The service drop of a tempci'ary service entrance must have a minimum 
clearance of feet above gradfl. 

a. 10 

b. 12 

c. 15 

d. 18 
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PERFORMANCE OBJECTIVE V-TECS 31 (Continued) 



2, To insure proper supports the pole should be put into the ground to a depth of 
feet* 

a. 2 

b, 4 

6 

d. 3 

3* The meter base should be mounted on the service pole at a height? 

a. Eight feet above ground level 

b. Eye level to power supplier 

a. Five to six feet above ground level 
d. Four feet above ground level* 

Answers: 

1* a 

2, b 

3. e 

PRACTICAL APPLICATIONi 

Install a temporary service entrance using typical electrical materials following 
local Code requirements, 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist for Performance Objective 31 to determine if the assignment was 
eompleted with at least 80 percent proficiency, 

PERFORMANCE GUIDE: 

Is Request power supplier to approve the proposed location. 

2. Lay pole on ground, 

3* Mark off the depth the pole goes in the ground, 

4, Attach meter base five to bik feet above ground level. 

5, Install raceway or service cable from meter base to top of service pole, 

6, Attach raceway to service pole. 

7, Install weatherhead. 

8, Install raceway between meter base and main service panel. 

9, Attach service panel to pole. 

10. Install conduit from 'waterproof receptacle box(es) to service panel, 

11. Attach receptacle box to pole. 

12. Run all wiring and make wiring connections. 

13. Install ground fault protection, 

14* Run ground wire and fasten to pole down to ground level. 

15* Dig hole for service pole. 

16* Install service pole. Tamp dirt back tightly. 

17* Drive ground rod or bury grounding electrode* 

18* Fasten ground wire to ground rod or grounding electrode with approved 
device. 

19* Install pole reinforcement as required. 

20* Have installation inspected. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 31 
PRACTICAL EVALUATION FOR TSE INSTALLATION 



Student's Name bate 

DIRECTIONS TO STUDENTi Install the temporary service entranee with at least 2, 

20 ampere branch circuits having ground fault 
protection, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job at 
80 percent proficiency level. 



ITEMS TO BE EVALUATED Satlsfacto^ Unsatlsfaetoiy 



1, The student has selected the correct length 
of pole. 

2, The student mounted meter base at correct 
height, 

3, The student secured the service cable 
properly. 



4* The student installed the weatherhead pro^ 
perly, 

5, The student installed the watertight con^ 
nectors properly* 

6, The student connected the conductors to 
meter base and service panel securely. 

7, The student properly installed the outlets. 



8. The student installed the ground fault pro- 
tection. 



9. The student installed the grounding con- 
ductor. 



10. The student mounted the pole in the ground. 
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CHECKLIST FOR PERFORMANCE OBJECTiVE V-TECS 31 (Continued) 

11* The student installed the p^ounding 
electrode. 



12, The itudent eonneeted the grounding eon*- 

duetor to the grounding eleetrode, 

13* The student cleaned up the work area, _ 

APPROVEDi Yes No 

EvaluatoF's Signature Date 
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DUTYi INSTALLING SERVICE ENTRANCE 



PERFORMANCE OBJECTIVE V-TECS 32 

TASKi Initall underp'ound iervlce entranee. 

STANDARD OF PERFORMANCE OF TASKi Underground service entrance must 
meet the requirements ai outlined by the National Eleatrieal Code (Article 230, 
Part D, 250, Chapter 9, Tables 2 and 3, and Article 300'5) and the local authority 
having juriidiction as to conduit size, trench depth and other regulations, 

SOURCE OF STANDARDi 
Tennessee Writing Team* 

National Eleotrical Codei pp. 60-61, 83-110, 114-118, 633-636. 

CONDITIONS FOR PERFORMANCE OF TASMi 

1. The basic tool kit 

2, Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Read and interpret the National Electrical Code. 

2. Read and Interpret local Code requirements. 

RESOURCESi 

MuUIn* Eleotrioal Wiring, Residentialp pp, 221-222, 

Colvin* Electria^ Wiring, pp. 135-138. 

Alerich. Eleotrical Conatruction Wiring, pp. 259^261. 

TEACHING ACTIVITIESs 

1* Describe local power supplier requirements regarding supplier and consumer 
responsibilities. 

2. Explain the use of conduit In service lateral installations. 

3* Explain the use of conductors suitable for direct burial in the ground. 

4. Demonstrate the procedure for installing conduit as required at the meter 
base and power supplier pole. 

5. Have the students install a typical underfround SE using a simulated job site. 

CRITERION REFERENCED MEASUREi 
Queitionsi 

1- The minimum cover for direct burial cable isi 

a. 12 inches 

b. 12 Inches if In conduit 

c. 24 inches 

d. 24 inches if in conduit.. 

2. Residential branch circuits rated at not more than 300 voltSp 30 amperes 
shall be covered at a minimum depth of ' inches. 

a. 12 

b. 18 

c. 24 

d. 36 
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PERFORMANCE OBJECTIVE V-TECS 32 (Continuad) 



3. When underground service conduetors are installed up a polet mechanioal 
proteetion must be provided at least feet above ground leveL 

a. 12 

b. 10 

c, 8 

d, 6 

Answers! 

1. Q 

2. a 

3. e 

PERFORMANCE GUIDEi 

1* Request power supplier to spot meter base location* 

2, Attach meter base to structure, 

3. Open a treneh from local power eompany pole to a point under meter base* 
4* Install conduit from meter base to a point near the bottom of the trench* 
5* Install plastic bushing on bottom of conduit, 

6* Fasten required lengths of conduit together. 

7* Prepare required raceway for conductors at pole. 

8* Request inspection. 
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INSTALLING SWITCH BOXES AND 
OUTLET BOXES 



DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 



PERFORMANCE OBJECTIVE V-TECS 33 

TASKS Install (bar-hanger) mounted box* 

STANDARD OF PERFORMANCE OF TASK: Box must be securely mounted to be 
flush with the finished celling and be located aeeording to plans. The installation 
of the bar-hanger mounted box must meet the pequirements as outlined by the 
National Eiectrieal Code (Article 370) and the loeal authority having jurisdietion, 

SOURCE OF STANDARD: 

Tennessee Wpiting Team. 

National ElaotFical Code, pp. 224-232^ 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Box 

2. Set of floor plans showing the basie wiring system 
3- The ba?j!c tool kit 

4, InstaUation/eleotrlcal materials* 

ENABLING OBJECTIVE(S>: 

1. Identify and use the terminology associated with electrical boxes. 

2. Use of proper hand tools and materials. 

3. Read and Interpret the information given on floor plans. 

4. Recall the technique of locating the ceiling point. 

RESOURCESi 

Taylor, Residential Wiring, pp. 27-62. 
Foley. Eleetrical Wiring Fundamentalap pp. 123-139, 
National Eleetrio^ Code, 1981, Articles 370-5 to 370-19. 
Colvin. Elaotrlcal WiFing, pp, 47-49. 

TEACHING ACTIVITIESi 

1. Instruct the student to read Residential Wirings pp. 27-62, Eleotrioal Wiring 
FtrndamantalB^ pp. 123-139, and National Eleetriaal Code, 1981, Artioles 310- 
5 to 310-19. 

2. Discuss different usage of electrical boxes. 

3. Identify the different typet of finish wall material* 

4. Demonstrate procedure used to find installation point. 

5. Have students practice finding the center points in given areas. 
6* Have students discuss why proper Installation is important* 

CRITERION REFERENCED MEASUREi 
Quest ions: 

1, The most common shape electrical box for ceiling lights isi 



d. 



a. 
b. 



Round 
Octagon 
Rectangular 
Triangular. 
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PERFORMANCE OBJECTIVE V-TECS 33 (Continued) 



In relationship to a finished wood eeiUng, electrical boxes must bei 

a. Just above finish 

b. Surface mounted 

c* Supported with straps 

d* Flush with finished surface, 

Elactrioal boxes should be located In rooms according toi 

a. Electrical Inspector 

b. Home owners 

c. House plans 

d. N.E*C. 



Answers^ 

1, b 

2. d 

3* c and d 



PRACTICAL APPLICATIONi 

Install and secure a bar^hanger mounted box* The box must be flush with finished 
celling and in the center of the room, 

METHOD OF EVALUATING PRACTICAL APPLICATION: 

Use the Checklist Performance Objective 33 to determine If the assignment was 
completed with at least a 90 percent accuracy, 

PERFORMANCE GUIDEi 

1, Locate Installation point, 

2, Attach bar to joist such that box will be flush with the finished ceiling. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 33 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF (BAR-HANGER) MOUNTED BOX 



Student's Name D*^Le 

DIRECTIONS TO STUDENTi Install and secure a bar-hanger mounted box. Box 

must be flush with finished oeiUng and In center of 
the room* 

DIRECTIONS TO EVALUATORi Instructor will observe student using proper safety 

teehniques* Student Is to complete task within 
reasonable amount of time and a score of 90 percent 
is required for competency, 

ITEMS TO BE EVALUATED Satisfactory Unsatisfadtory 

1* The student selected proper materiali, _______ 

2* The student used safety precautions. 



3. The student demonstrated two methods for 
finding the center of the room. 

4. The student secured the box to bar-hanger, 

5. The student secured the box and hanger to 
the structural member. 

6. The student found the center of the room, 

7* The student mounted the box flush with the 
ceiling finish, 

S. The student finished the task within a 
reasonable amount of time, 

9, The student completed the task in a work- 
manshlp like manner, 

10, The student dismantled the project and re- 
turned the materials to their proper places. 

APPROVEDs Yes_ No 



EvaluatoF*s sipiature Date 
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DUTYs WStALLINd Si^iriTCH BOXES ANO OUTLET BOXES 



PEHFOttMAlICE OBJECTIVE V-TECS 34 

TASK* Wall UuB^i mount junQtion lom. 

STANDARD OF FKRFORMANC& OP TASKi Bqk must be flush v/ith the finiihed 
surfQ0% anfl be loc^^ted aceordinff to plans, Junction box must be aGoessible after 
in^t^U^tta The installation of the flush mount junotion box must meet the 
require inetiti as dimtllned by the MatiOnalEleetrical Code (Artiele 370, Part B) and 
the loOgl authority having juplidlotion. 

COHDWOMSFOIt PERFORMANCE Of TASKi 
i. A tah mouriri^ junction box 

2* A ^atof {Iqo& plans ahowinff the Mk wiring system 

3- Tiiebasia tdc^l kit 

4* Itiitallation/feleetricai materials* 

ENABUNG OBJECTIVBC^)! 

1* Iclentify and ujse electrical bo^cei which are utilized as junction boxes. 

2* tJ^ethe proper hand tools and materials. 

3* R^adand int^^rpret the infopfnation given on electrical plans. 

4* Icliiitlty th^ teo^dition of the surf aoe the box Is to be mounted im 

Foiev. Bleotricai ftW Irlng Pundamefitalsf p. 124, 
Nations ffleetrlQafc Code^ 1981* Article 370-19. 

TBACmilQ ^CTIVITIBSfe 

1* thi^Qi the students to regq SleeWcal Wiring FundamantalBp p, 124 and 

^tAioal Wiving^ p, 89. 
2* Plieoss with students the typeg of wall surfaces and installation procedures, 

3, P^monitrata the procedure for laoatinff the installation point. 

4, Pigcuas what 5s meant by "aceeSslbliJ* 

5, Showboxes th^at are presently mounted in the building* 

CBITERIOM BEFERENC JED MEASURBi 

QUeStiOilBI 

1. fiawinust ele-^<*trical boxes used aijunetion boxes be covered? 

2* Alli^ifing inK^nction boxes must bi^^ , 

3* Hoi^^lsa junci^ion box normailv ihownon a blueprint? 
4, Jitfietlon bOKtes are used for what purpose? 

1* V^itliisolid b^ank plate of like material 

3, Wlttia'^J" in fche middle of the symbol 

4. Sftjlolng of ooanduetors in a location not suitable for a devio.e. 
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PERFORMANCE OBJECTIVE V-TECS 34 (Continued) 

PERFORMANCE GUIDEi 

1, Locate Installation point. 

2, Locate junetion box so it is aecessik^le. 

3, Attach junetion box to structure such that it will be flush with the finished 
surface. 



EKLC 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 



PERFORMANCE OBJECTIVE V-TECS 35 

TASKS Install flush mount switch and outlet box in a dry wall, lath or pZlaster wall, 
or paneled walL 

STANDARD OF PERFORMANCH OP TASK: Switch box and/or outle -t box must 
oomply with govornlnf codeSf must be mounted securely and flUsl^ with the 
finished surface, and be located according to plani. The Initgllatlosn type and 
location of switch boxes and outlet boxes must msetthe requirements as outlined 
by the National Electrical Code (Article 370^ Part B) and the looiuJL authority 
having jurisdiction. 

SOURCE OF STANDARD: 

Tennessee Writing Team, 

National Electrical Code, pp. 225^230, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Switch box 

2. A set of floor plans showing the basic wiring system and/or outlet Ssox 
3* The basic tool kit 

4* Installation/electrical materials, 

ENABLING OBJECTIVE(S)2 

!• Identify and use electrical boxes which ape utilised for switcH and outlet 

installations in dry wall, paneling^ etc, 
2* Use the proper hand tools and materials. 

3. Read and interpret the information given on ileetricai plans. 

4. Identify the thickness of finished surfaces. 

RESOURCES: 

Foley, Electrical Wiring FundamentalBi pp. 35-49. 
National Eleotrlcal Code, 1981. Articles 370-5 to 37049. 

TEACHING ACTIVITIESi 

1. Instruct students to read Electrical Wiring Fundamentalns pp. 13 9-^132 and 
Eleetrloal Wiring, pp. 35-49. 

2. Discuss with students the different types of wall surfaces and E^ristallation 
procedures. 

3. Have students measure different wall finish materials. 

4. pemonstrate the procedure for locating Initallation point. 

5. Demonstrate the different mounting proCGdurss, 

CRITERION REFERENCED MEASUREi 
QiiestionB: 

1. The mounting of electrical switch and outlet boxes must meeti 

a. OSHA standards 

b. N.E.C, regulations 
c* Owners need 

d. U.L. regulations 
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PBftP(^^K MANGE OBJECTIVE V-TECS 35 (Gontinued) 



2* The location of switches and outlets are shoM^non thei 





Specif jcation sheets 




Symbol bueet 




Electridal plans 




Detail drawingSc 


An 


electrical box mounted between studs Will H^^h^^ 


a. 


Plaster rings 


b. 


External brackets 


c. 


Expansion anchors 


d. 


Box supports. 



V b 
^/ c 
3/ d 

PH^Q^IICAL APPLICATIONS 

Ifj^ Stall electrical box for switch at 48 inches to Qeri^trabg^^ f:"^tyiyl\ floor, 
jji^ stall electrical box for outlet at 12 inches to CenteN^^V^ fl^ViiiP ffc 
B^Toth boxes are to be securely mounted on the sldeofthg ^tULxAd #t^dtah with 
#mish wall of 1/2 inch, 

MP5fEi<?t*D OP EVALUATING PRACTICAL APPLICATtOW^ 

l/^%^a Checklist Performance Objective 36 to ti^tfifmlne it artniHent 
o^^*mpleted with at least a 90 percent accuracy, 

PBaPO^aMANCE GUIDES 



1/ Locate installation point. 

Determine the thickness of the finished sutf^tft, 
3/ Position iwitch box and/or outlet box* 

4y Attach to structure so that the box will be flush y^ltH tP^^ ffriijWiUi'faQ^ 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 35 EVALUATION 

PERFORMANCE TEST FOR INSTALLATION OF SWITCH AND OUTLET BOXES IN 

DRYWALL 



Studtnt^s Name 



DIRECTIONS TO STUDENTi 



DIRECTIONS TO EVALUATOR^ 



Date 

Install electrical box for switch at 48" to center above 
finish floor* 

Install electrical box for outlet at 12" to center above 
finish floor. 

Both boxes are to be securely mounted on the side of 
the stud and flush with finish wall of 1/2 Inch drywalL 

Instructor will observe the student using proper safety 
techniques and Items to be evaluated. The student is 
to complete the task within a reaionable amount of 
time and a score of 90 percent is required for 
competency. 



ITEMS TO BE EVALUATED 



Sat isf ac to^ U nsat Isf act ory 



1, The student selected the proper materials* 

2* The student used safety precautions, 

3* The student mounted the switch box at the 
proper height. 

4. The student mounted the outlet box at the 
proper height* 

5* The student properly secured the boxes to 
the stud* 

6. The student mounted switch box flush to 1/2 
inch drywall finish, 

7* The student mounted outlet box flush to 1/2 
Inch drywall finish* 

8, The student finished the task within a reasonable 
amount of time, 

9* The student completed the task in a workmanship 
like manner* 

10. The student dismantled the project and returned 
the materials to their proper places* 



APPROVEDi Yes 



No 



EvaluatoF's Signature 



Date 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 



PERFORMANCE OBJECTIVE V-TECS 36 



TASEi Install flush mount switch and outlet boxes In a masonry walL 

STANDARD OF PERFORMANCE OF TASKs Soxes must be installed so they will 
not be reeessed more than 1/8 inch from finished surface* Box must be installed 
level across the top and be of correct size to accept switch or outlet and be 
anchored permanently* The installation of the boxes must meet the requirements 
as outlined by the National EleGtrlcal Code (Article 370, Part B) and the local 
authority having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Eleetrioal CcKle, pp, 225-230. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Box 

2. A floor plan showing the basic wiring system 

3. The basic tool kit 

4. Installation/electrical materials, 

ENABLING OBJECTIVE(S): 

!• Identify and use the electrical boxes which are utilized for switch and outlet 

installations in a masonry wail. 
2* Use the proper hand tools and materials, 

3, Read and interpfet the Information given on electrical plans, 

4. Identify the procedure for the supporting of an electrical box in a masonry 
wall* 

RESOURCESi 

Alerieh. Electrical Construction Wiring, pp. 367-371* 

TEACHING ACTIVITIESi 

1. Instruct the students to read Eleetrleal Construction Wiring, pp. 367-371, 
2* Illustrate the construction of a concrete block. 

3. Demonstrate the procedure for marking the outline for an electrical box, 

4. Demonstfate the procedure for chiseling a hole for an electrical box 
installation, 

5. Provide the students with a field trip to a construction site to view electrical 
boxes being installed, 

CRITERION REFERENCED MEASUREi 
Questions: 

1. What is the best tool to use for cutting a hole in a masonry wall for an 
electrical box? 

2. One method of securing an electrical box in a masonry wall is by using 

3. The ideal area to cut an electrical box into block is In a 
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PERFORMANCE OBJECTiyE V-TECS 36 (Continued) 



Answersi 

1. A Goncrate Ghisel 
2* Wood wedges 
3. Hollow space 

PRACTICAL APPLICATIONS 

Install and secure both a switch and outlet box in a masonry walL The box must be 
secures level and within an 1/8 inch from the finish surface* 

METHOD OF EVALUATING PRACTICAL APPLICATIONS 

Use Checklist Performance Objective 36 to determine if the assignment was 
completed with at least a 90 percent accuracy, 

PERFORMANCE GUIDEs 

1* Locate installation point* 

2* Attach previously roughed in cable or conduit in box. 
3* Position box in the wall. 
4* Anchor box in walL 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 36 EVALUATION 

PERFORMANCE TEST FOR INSTALLATION OF SWITCH AND OUTLET BOX IN A 

MASONRY WALL 



Student*s Namo 
DIRECTIONS TO STUDENTBi 

PIRECTIONS TO EVALUATOR^ 



Date 

Install and secure both a switch and an outlet box in a 
masonry walL The box must be secure, level and 
within 1/8 inch from the finish surface* 

Instructor will observe the student using proper safety 
techniques and items to be evaluated. The student is 
to complete the task within a reasonable amount of 
time* A score of 9096 is required for competency* 



ITEMS TO BE EVALUATED Satisfaetory Unaatisfaeto^ 
1* The student selected the proper materials* 

2^ The student marked the boxes on the wall* 

3, The student used chisel to outline the box* 

4. The student finished the box cutout neatly* 

5* The student leveled the electrical boxes* _ 

6. The student installed electrical boxes within 
1/8 inch from the finish surface* 

?* The student Installed the cable to the box* 

8. The student secured the box to the wall* 

9, The student finished the task within a 

reasonable amount of time, 

10, The student dismantled the project and re- 
turned the materials to their proper places* 

APPROVEDi Yes No 

EvaluatOF'i Sipiature Date ^ 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 



PERFORMANCE OBJECTIVE V-TECS 37 
TASKi Install gangable boxes, 

STANDARD OF PERFORMANCE OF TASKi Ganiable buxts must be of required 
size and type. Boxes must be fastened securely to the strueture and be level 
across the top. The installation of the boxes must meet the requirements as 
outlined by the National Electrioal Code (Article 370^ Part B) and the local 
authority paving jurisdiction* 

SOURCE OF STANDARD^ 

Tennessee Writing Team* 

National Eleotrioal Code^ pp. 225^230* 

CONDITIONS FOR PEaFORMANCE OF TASKi 

1. Gangable boxes 

2. A set of floor plans showing the basic wiring system 

3. The basic tool kit 

4. Installation/electrical materials, 

ENABLING OBJECTIVE(S)£ 

!• Identify and recall the construction of an electrical gangable box* 
2* Use proper hand tools and materials. 

3* Read and interpret the information given on the electrical plans* 
4. Identify the methods of supporting electrical boxes. 

RESOURCES: 

Foley* ElectFical Wifinf Fundamentals, pp* 127-128. 
National Eleetrioal Code, 1981. Articles 370-5 — 370-19, 

TEACHING ACTIVITIESi 

1. Instruct the students to read Electrical Wiring Fundanientals, pp. 127-128* 

2. Discuss what is meant by "gangable." 

3* Demonstrate the procedure for locating the installation point* 

4* Discuss "when" and "when not" to use a gangable box. 

5* Have the students connect two or more gangable switch boxes* 

CRITERION REFERENCED MEASUREj 
Questions: 

1, A "gangable" box should be supported between two studs with the help of 
what materials? 

2, What must be done to increase the size of a "gangable" box? 

3, What does the N*E*C, require all unused openings in electrical boxes to be? 

Answersi 

1* Metal or wood strips 

2, Remove side cover of box 

3* Effectively closed 
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PERFORMANCE OBJECTIVE V=TECS 37 (Continued) 

PERFORMANCE GUIDEi 

1, Locate Installation point, 

2, Determine number of boxes needed, 

3, Fasten boxes together, 

4, Attach boxes to structure as to be flush with finished surface. 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 



PERFORMANCE OBJECTIVE V-TECS 38 
TASK? Install OGtagon outlet box* 

STANDARD OF PERFORMANCE OF TABKi The outlet box must be mounted 
securely to the structure and be looated according to the plans. The installation 
and location of octagon outlet boxes must meet the requirements as outlined by 
the National Eleotrical Code (Article 370^ Part B) and t:he local authority havinf 
jurisdiction, 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Eleetrical Code, pp. 225-^230. 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* An octagon outlet box 

2. A set of floor plans showing the basis wiring system 

3. The basic tool kit 

4. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1* Identify the shape or design of an octagon box, 

2* identify the different sizes of octagon outlet boxes* 

3, Use proper hand tools and materials* 

4* Read and interpret the information given on the electrical plans. 
5* Use knowledge of locating the position and installation of an octagon outlet 
box. 

RESOURCESi 

Miller, Residential Eleotrieal Wiring, pp* 206-209, 
Colvin* Eleotrieal Wiring, pp. 47-49, 

TEACHING ACTIVITIESi 

1, Instruct the students to read Eleotrical Wiring, pp* 47-49 and Residential 

Electrioal Wiring, pp. 206-209, 
2* Discuss and show the different types of octagon boxes. 
3, Demonstrate the procedure for locating the installation point, 
4* Have the students discuss where octagon outlet boxes should be Installed, 
5* Review the methods used for attaching octagon boxes to struatural members. 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1, Octagon boxes come in sizes of: 
a* Single and double gang 
b. Three and four inches 
e. Large and small 
dp All of the above. 
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PERFORMANCE OBJECTrVE V-TECS 38 (Continued) 



2, The spaee of an octagon box ean be 

the use of am 

a. Outlet box cover 

b» Expandable bar hanger 

Q. Extension box 

d* Any of the above* 
3p Octagon boxes arei 

a. Square 

b. Eight sided 

c. Round 

d. Six sided. 



increased to hold more conductors with 



An^ ^^BTBt 

U b 

2, a 

3. b 



PERFORMANCE GUIDEs 

1. Locate installation point on structure* 

2, Attach octagon outlet box to structure according to electrical plans. 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 

PERFORMANCE OBJECTIVE V-TECS 39 

TAiKi Install outlet boxes for receptacles and switches in existing wall, 

STANDARD OF PERFORMANCE OF TASKi Installed receptacles and/or switch 
boxes in existing wall must be of required size and type. They must be located as 
specified in the floor plans and must be level across the top. The installation of 
the fixture housinf must meet the requirements as outlined by the National 
Electrical Code (Article 370^ Part B) and the local authority having jurisdiction, 

SOURCE OF STANDAEDi 

Tennessee Writing Team, 

National Eleatrlcal Code, pp, 225-230, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* Wall boxes 

2* Power source 

3, A set of floor plans showing the basic wiring system 

4, Previously roughed in wiring 

5, The basic tool kit 

6* Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1* Identify and use the electrical boxes which are for installing receptacles and 
switches in an existing wall, 

2, Use proper end tools and materials, 

3, Read and interpret the information given on the electrical plans* 

4, Use knowledge locating the stud for mounting the electrical box, 

5, Identify the circuit route where electrical boxes will be fed, 

RESOURCESi 

Miller, Residential Eleotrieal Wiring, pp, 292-302, 
Alerieh, ElectFioal Construction Wiring, pp, 405-424, 

TEACHING ACTIVITIES: 

1* Have the students read Residential ElectFloal Wiringj pp. 292-302 and 
Eleetrloal Constnjctlon Wiring, pp. 405-424, 

2. Discuss with the students the terms and definitions associated with electrical 
remodeling* 

3. Review the students on the different types of wall surfaces that might be 
encountered, 

4. Demonstrate the procedure for finding studs* 

5. Discuss possible problems that can arise in cutting in electrical boxes in 
existing walls. 

6. Demonstrate the proper technique for cutting a box opening In a wall* 

7* Demonstrate the attachment of boxes to the structure flush with the finished 
surface* 
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PERFORMANCE OBJECTIVE V-TECS 39 (Continued) 



CRITERION REFERENCED MEASUREt 
QuestionEi 

1* What is the standard "stud" spaaing normally found in existing structures? 

2. What tool is used to find a stud? 

3. What is used as a eommon method of installing an electrloal box? 

4. What must all eleatrieal boxes after installations be? 

Answers: 

1. 16 inches on center 
2* Stud finder 

3* Metal box supports 

4. Flush to finished surface and level across the top 

PRACTICAL APPLICATIONi 

Install and secure both a switch and receptacle box in an existing wall made of 
drywall. The switch box is to be mounted on a stud at 48" to center. The 
receptacle box is to mounted in center of the studs and 12" to the center* Both 
are to be mounted flush with the finish wall and level across the top. A finish 
plate must cover opening cut out for a box* 

METHOD OP EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist Performance Objective 39 to determine if the assignment was 
completed with at least a 90 percent accuracy. 

PERFORMANCE GUIDEi 

1* Locate installation point. 

2. Draw outline of box on wall near studp if possible. 

3. Cut holes in existing wall of size to accept box to be installed or remove 
paneling or wall board. 

4* Attach and level box to structure. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 39 EVALUATION 
PERFORMANCE TEST FOR INSTALLING ELECTRICAL BOXES IN EXISTING WALLS 



Student's Name 



Date 



DIRECTIONS TO STUDENT: 



Install and secure both a switch and peceptacle box in 
an existing wall made of drywalL Switch box is to be 
mounted on stud at 48 inches to centep* Receptacle 
box is to be mounted in the center of the studs and 12 
inches to center. Both are to be mounted flush with 
the finish wall and level across the top. A finish plate 
must cover the opening cut out for the box. 



DIRECTIONS TO EVALUATORi 



Instructor will observe the student using proper saf 
techniques and items to be evaluated. The student is to 
complete the task within a reasonable amount of 
time* A score of 90% Is required for competency. 



ITEMS TO BE EVALUATED 



SatlsfactoEy Unsatisfactory 



1* The student selected proper materials, 

2. The student used a box for template layout 
of both switch and receptacle. 

3* The student cut out a hole for switch by stud 
neatly. 

4. The student cut out hole for the receptacle in 
the center of the wall between the studs neatly, 

5* The switch box is mounted at 48 inches to the 
center of the box. 

6. The receptacle box is mounted at 12 Inches to 
the center of the box. 

?• The boxes are mounted flush and level to the 
walL 

8. The finish plates cover opening cut out for 
the box, 

9. The student finished the task within a reason^ 
able amount of time, 

10. The student dismantled the project and returned 
the materials to their proper places. 

APPROVEDi Yes No 



EvaluatDr*s Si^ature Date 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 
PERFORMANCE OBJECTIVE V-TECS 40 

TASKi Install pecessed fixture housing in ceilinf. 

STANDARD OF PERFORMANCE OF TASKi Box must be mountad in correct 
loQation and must be strong enough to support the fixture. Fixture must be 
controlled by a switch or other means. Fixture must be installed according to 
manufacturer's recommended clearances* The Installation of the recess fixture 
housing must meet the requirements as outlined by the National Electrical Code 
(Article 410, Part B, and 410-S) and the local authority having Jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Eleotrical Code, pp. 268-269* 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Recessed fixture box 

2. A floor plan showing the basic wiring system 

3. The basic tool kit 

4. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

U Identify the meaning of "recessed/- 

2. Use proper hand tools and materials, 

3. Read and interpret the information given on electrical plans. 

4. Use knowledge of the installation of the boxes, 

5. Read and interpret the manufacturer's specifications, 

HESOURCESi 

Natlonad Electrloal Code, 1981. Articles 410-4 to 410-8. 
Alerich, Electrical Constpuetlon Wiring, pp* 424-428, 

TEACHING ACTIVITIEei 

1, Instruct the students to read National Eleotrieal Code, Articles 410-4 to 410- 
8 and Electrio^ Construction Wiring, pp, 424-428* 

2, Discuss the recommendations made by the manufacturer* 

3, Identify the potential problems when installing into existing ceilings* 

4, Demonstrate the process for measuring and cutting of the correct size hole 
for a fixture* 

5, Review mounting of fixture housings. 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1* Recessed fixtures installed where combustible materials are stored must 
havei 

a* Ten inch clearance 
b* Six inch clearance 

c. Eighteen inch clearance 

d. Twenty four inch clearance* 
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PEaFORMANCE OBJECTIVE V-TECS 40 (Continued) 



2. Lighting fixtures should utilize the fixture=to-stud mounting when; 
a. The fixtures are heavy 

b» The fixtures are at the end of a long wire run 
G. The fixtures have heavy ampere demand 
d* The fixtures are light. 

3. Wires from the junction box of a recessed fixture must bmt 
a* Rubber insulated 

b* Exposed in open 

Approved for high temperature 
d. Oversized* 

4. A hanging fixture over a bathtub must be no closer than: 

a. Six feet above the rim of tub 

b. Four feet above the rim of tub 
c* Eight feet above the rim of tub 
d. Ten feet above the rim of tub. 

Answers: 

1. b 

2. a 
3* c 

4. q 

PERFORMANCE GUIDE 

1. Locate installation point, 

2* Measure clearances to meet manufacturer's recommendations. 

3. Cut holes of correct size in ceiling at desired location. 

4. Attach fixture housing to the structure per manufacturer's installation 
instructions. 
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DUTY; INSTALLING SWITCH BOXES AND OUTLET BOXES 



PERFORMANCE OBJECTIVE V-TECS 41 

TASKi Install surface mount junction box. 

STANDARD OP PERFORMANCE OF TASKi Box must be installed to comply with 
governing codes* Box must be mounted securely and according to plans. The 
installation of surface mounted junction boxes must meet the requirements as 
outlined by the National Electrical Code (Article 370, Part B) and the local 
authority having jurisdiction. 

SOURCE OF STANDARD! 

Tennessee Writing Team* 

National Electrioal Code, pp* 225-230, 

CONDITIONS FOR PERFORMANCE OF TASK^ 

1. Junction box 

2. A set of floor plans showing the basic wiring system 
3» The basic tool kit 

4» Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1* Use proper hand tools and materials. 

2. Read and interpret information given on the electrical plans* 

3. Identify the different surface materials, 

RESOURCES: 

Foley. Electrioal Wiring FundamentaLip pp. 124" 125. 
National Eleetriaal C<^e, 1981. Articles 370-18 and 370-19, 

TEACHING ACTIVITIES: 

1, Instruct the students to read Electrical Wiring Fundamentals, pp. 124--125 
and National Eleetriaal Code, 1981, Articles 370 18 and 370-19. 

2, Demonstrate the procedure for leveling and marking of the junction boxes on 
a surface. 

3, Provide the students with different anchoring materials. 
4* Review methods of anchoring electrical boxes, 

5. Show the different electrical boxes and their covers used as Junction boxes. 

CRITERION REFERENCED MEASURE: 
Questional 

1. Where would an electrician get the information necessary to install a surface 

mounted junction box? 
2^ What determines the proper method of anchoring a surface mounted junction 

box? 

3. The mounting of electrical boxes must meet the standards of the National 
Electrical Code and what else? 
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PERFORMANCE OBJECTIVE V-TECS 41 (Continued) 



1. Electrical plans 

2. Type of material the box Is to be mounted on* 
3* The local authority having jurisdiction* 

PERFORMANCE GUIDEi 

!• Locate installation point on structure, 

2. Attach surface mount Junction box to structure 
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DUTYi INSTALLING SWITCH BOXES AND OUTLET BOXES 
PERFORMANCE OBJECTIVE V-TECS 42 

TASKi Install underground^ watertight, east Iron box, 

STANDARD OP PERFORMANCE OF TASKi Box must be located according to 
plans. The installation must be made so that the watertight integrity will be 
maintained. 

SOURCE OF STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. A watertight^ cast Iron box, previously roughed in wiring 

2. The basic tool kit 

3, Manual hand tools or mechanical equipment (backhoe, shoveU picks) 

4, A set of floor plans showing the basic wiring system. 

ENABLING OBJECTIVE(S): 

1. Identify and use electrical boxes which are utilized for underground 
installations. 

2. Recall the standards set forth in the National Electrical Code covering 
underground installations. 

3. Use proper hand tools and materials* 

4. Read and inte^-pret the information given on the electrical plans* 

5. Identify the condition of the existing wiring. 

RESOURCBSi 

Nstional Eleotrleal Code, 1981* Articles 300-5, 300-6 and 370-b and c* 

TEACHING ACTIVITIESi 

1. Instruct the students to read National Electrical Code, 1981s Articles 300- 5 
300-6 and 370 b and c. ' 

2. Have students prepare the area for a box installation, 

3. Review with the students the construction of watertight electrical boxes and 
materials. 

4. Demonstrate the proper connections to an electrical box, 

5. Invite a guest speaker to class to talk on experience with installation of 
underground electrical boxes* 

CRITERION REFERENCED MEASURE? 
Questional 

1. According to what standards are the location and depth of electrical 
underground boxes found? 

2. An electrical box that is used for underground installation must be 

3. Using the standard of the National Electrical Code, underground electrical 
boxes must be made of what type material? 
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PERFORMANCE OBJECTIVE V-TECS 42 (Continued) 



Anawerss 

1. The National Electrical Code and the electrical plans 

2. Watertight^ raintifht or rainprDof 

3. Material suitable for the environment in which they are to be installed, 

PERFORMANCE GUIDEi 

1. Locate installation point. 

2. Prepare Installation site by removing soil with available tools or equipment. 

3. Place watertifht cast iron box in the ground. 

4. Connect cables and/or conduit to box using approved connectors, 
5* Seal box. 
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DUTYi MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 43 

TASKi Diagnose/repair fluorescent fixture, 

STANDARD OF PERFORMANCE OF TASKi Defective parts must be peplaced 
with equivalent parts. Light must burn when repairs are eomplete, 

SOURCE OF STANDARDS Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, The basic tool kit. 

2, The basic tool parts. 

ENABLING OBJECTIVE(S): 

!• Identify the main parts of a fluorescent fixtures and their functions* 

2. Determine the proper tools and materials to be used* 

3. Recall the fluorescent lamp and ballast charaeteristics* 

RESOURCES: 

Miller^ et al^ Energyi Eleetrieity/Eleotronioi, pp* 173-177* 
Miller, Industrial Electricity, pp* 338-345. 

TEACHING ACTIVITIESi 

1. Instruct the students to read Ener^i Eleotricity/EIectronlcs^ pp. 173-177 
and Industrial Eleetricltyt PP* 338-345. 

2, Review with the students the operation of the fluorescent r ixtura, 
3* Emphasize the importance in using good safety, 

4. Review with the students the common causes in lamp failure in fluorescent 
fixtures. 

5. Demonstrate the use of a voltmeter for troubleshooting. 

6. Have the students Identify the color of a fluoreseent lamp in the class room. 

7. Have the students practice wiring new ballasts using a wiring diagram on the 
ballast. 

8. Have the students practice removinf the fixture parts from a light fixture* 

CRITERION REFERENCED MEASUREi 
Questions^ 

1. How many more times efficient is a fluorescent tube than a incandescent 
lamp? 

2. What is the device that is connected between the lamp and the power supply 
which limits the current flow? 

3* What temperatures does a fluorescent lamp designed for indoor use operate 
best? 

4. What kind of lighting does the National Electrical Code refer fluorescent 
lighting as? 
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PERFORMANCE OBJECTIVE V=TECS 43 (Continued) 
Anawerii 

1- About 2,5 times 

2. A ballast 

3. 65 — 90 degrees 

4. Electrio dlseharge lighting 

PRACTICAL APPLICATION! 

Diagnose a defactive fluorescent light fixture and repair the defective parts* 
Equivalent parts must be used and the light must work properly when completed. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist Performance Objective 43 to determine if the assignment was 
completed with at least a 90 percent aecuraoy. 

PERFORMANCE OUIDEi 

1. Check voltage with voltmeter* 

2. With proper voltage at fixture and power on^ visually check bulbs for 
darkened ends, burning red at ends, or flashing on and off. Replace bulb if 
any of these conditions exists, 

3. If bulbs are not defective^ determine if fixture is self starting or uses 
separate starters* If It has starters, replace with new ones of correct size. 

4. If bulbs and starters are not defective, turn power off. 

5. Remove cover from fixture and check wiring inside fixture for loose 
connections. 

6. If wiring is not loose and bulbs and starters are not defective, replace 
ballast. 

7. Re^install cover and other parts removed for wiring inspection. 
8* Turn power on. 

9. Assure fluorescent light operation. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 43 EVALUATION 

PERFORMANCE TEST FOR THE DIAGNOSIS AND REPAIR OF FLUORESCENT LIGHT 

FIXTURES 



Student's Name Date 

DIRECTIONS TO STUDENTi Diagnose a defective fluoreseent light fixture and 

repair defective parts* Equivalent parts must be used 
and light must work properly when eompleted* 

DIRECTIONS TO EVALUATORi The initructor will observe the student using proper 

safety techniques* The student is to finish task in a 
reasonable amount of time, A score of 90 pereent is 
required for competency. The defective part is the 
ballast. 



ITEMS TO BE EVALUATED Satisfaetoi^ Unsatisfactory 

1* The student selected the proper tools* ___ 

2» The student checked voltage with voltmeter, 

3. The student checked for bad tubes, ^ 

4* The student removed fixture covers carefully. ______ 

5* The student cheeked wiring and connections* 

6, The student worked off the ladder properly. ,..^^^_ _______ 



7* The student turned the power off and tagged 
for safety. 

8. The student determined the problem with the 
ballast. 

9* The student replaced an old ballast with a 
new equivalent ballast. 

10* The fluoreseent light fixture is properly 
working. 

APPROVEDi Yes No 



Evaluatof'i Signature Date 
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DUTY-. MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECB 44 

TASK* Diagnose and repair/replace lights. 

STANDARD OF PERFORMANCE OF TASK; Parts must be replaced with 
approved equivalent parts. Light must burn when repairs are complete, 

SOURCE OF STANDARD: Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
The basic tool kit and parts, 

ENABLING OBJECTIVE(S)i 

1. Identify the main parts of an incandescent light fixture, 

2. Determine the proper tools and materials to be used, 

RESOURCESi 

Foley, Electrical Wiring Fundamentala, pp, 152-156, 
Miller, et al., Energyi Eleetriaity/Electronlci, pp, 169-173. 
Miller, Industrial Electricity, pp. 36-338, 

TEACHING ACTIVITIESi 

1. Instruct the students to read Electrical Wiring FundamentalB, pp. 152-156 
and Energyi Electricity/Electronics, pp, 169--173, 

2. Identify the color of connection terminals on an incandescent light fixture. 
3* Review the principle of reversed polarity. 

4, Discuss procrdures for troubleshooting incandescent light fixtures* 

5* Have the students read the manufacturer's recommendations for installinf 

incandescent light fixtures* 
6. Have the students practice mounting different incandescent light fixtures, 

CRITERION REFERENCED MEASUREt 
Questional 

1. What are lamps using f llamonts that give off light called? 
a* Fluorescent 

b. Mereury-^vapor 

c. Sodium^vapor 

d. Incandescent* 

2. The glass bulb of an incandescent lamp is filled withi 
a* Oxygen 

b* Inert gases 
c. Neon gas 
d* Any of the above. 
3- An incandescent lamp operates with the use of ai 
a* Starter 

b. Filament 

c. Starting electrode 

d. None of the above* 
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PERFORMANCE OBJECTIVE V-TECB 44 (Continued) 



4, The lamp base that is standard on general service lamps of 300 watts and 
under is the^ 

a» Mogul base 

b. Candelabra base 

c. Medium base 

d. Normal base* 

5* A disadvantage of an incandescent lamp isi 

a. The cost of the lamp 

b. The natural color of objects 

c. The low cost of installation 

d. That it gives off a lot of heat. 

AnaweFSi 

1. d 

2, b 
3* b 
4* c 

5, d 

PRACTICAL APPLICATION: 

Diagnose a defective Incandescent light fixture and repair defective parts. 
Equivalent parts must be used and the light must work properly when completed* 

PRACTICAL APPLICATIONS 

Diagnose a defective incandescent light fixture and repair defective parts. 
Equivalent parts must be used and the light must work properly when completed. 

PERFORMANCE GUIDEi 

1, Remove and test bulb with ohmmeter or other means. 

2, If bulb is goodj use volt meter to check for correct voltage at light fixture 
connections* 

3* If voltage Is correct in fixture connections, fixture must be repaired or 
replaced* 

a. Turn power off, 

b. Remove fixture* 

c* Repair or replace fixture, 
d, Re^install fixture. 
4* If voltage is incorrect, check/correct for problems at power supply, 
a* Measure continuity of fuse(s)/breaker(s). 
b. Remove/replace faulty fuse(s)/breaker(s). 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V=TECS 44 EVALUATION 



PERFORMANCE TEST FOR THE DIAGNOSIS AND REPAIR OF INCANDESCENT 

LIGHT FIXTURES 



Student's Name 



Data 



DIRECTIONS TO STUDENTi 



Diagnose a defective incandescent light fixture and 
repair defective parts. Equivalent parts must be used 
and light must work properly when completed. 



DIRECTIONS TO INSTRUCTOR^ The instructor will observe the student using proper 

safety techniques* The student is to finish the task In 
a reasonable amount of time, A score of 90 percent is 
required for eompeteney. Defective part Is the 
breaker for that circuit. 



ITEMS TO BE EVALUATED 



Eatisfactory Unsatlsfactopy 



1. The student selected the proper tools, _ 

2. The student checked the existing bulb with 
ohmmeter. 

3. The student checked the condition of light 

socket, _ 

4. The student checked for the proper voltage* _ 

5. The student turned the power off and tagged 

for safety* _ 

6. The student removed light fixture, _ 

7. The student checked wiring connections* _ 

8. The student checked the power supply (breaker), _ 

9. The student re-Installed the light fixture* _ 

10, The student has the light fixture working 

properly, _______ 

APPROVED! Yes No 

Evaluator's SlgnSure ^ Date 
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DOTYi MAINTAINING EXITING WIRING 



PERFORMANCE OBJECTIVE V-TECS 45 

TASKi Repair/replaGe relays and timers, 

STANDARD OF PERFORMANCE OF TASKi Defeetlve parts must be replaced 
with equivalent parts* Relay or timer must operate when power is restored* 

SOURCE OF OTANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASK^ 

1* An appliance with a defective relay or timer 
2* The basic tool kit and repair parts* 

ENABLING OBJECTIVE(S)i 

1, Identify the main parts of relays and timers, 

2, Determine the proper tools and materials to be used, 

3. Recall operating characteristics of relays and timeri. 

4. Interpret the electrical schematics of an appliance, 

RESOURCES: 

Miller, et al.i Energy: Eledtrioity/Electronics, pp* 245-^253, 

TEACHING ACTIVlTIESi 

1, Instruct the students to read Energyi Eleetricity/Eleetronios* pp* 245^253* 

2, Discuss the different types and applications of relays* 

3, Review parts of a simple relay, 

4, Show the students examples of relays, 

5, Have the students wire up a low voitage relay, 

CRITERION REFERENCED MEASURE: 
Questions: 

1, The operation of an electrical appliance may be stopped by a bad relay. When 
checking for the proper voltage at the relay, one must first ehecki 

a. Contact 

b* Voitage to coll 

c. The armature 

d. The return spring. 

2, A relay/timer must be operated with voltage rated ati 

a. The same as controlled circuit 

b. The coil voltage rating 

d. The normal circuit rating 
d. None of the above, 

3, The ideal instrument for troubleshooting an electrical appliance is the: 

a. Wattmeter 

b. Amprobe 

c. Power supply 

d. V.O.M, 
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PERFORMANCE OBJECTIVE V-TECS 45 (Continued) 



4, The mechanism that regulates the sequence of tilU drains spin modes on a 
washing machine is thei 

a. Selector switch 

b. Solenoid valve 

c. Overload protector 

d. Timer. 

Answersi 
1. b 
2* b 

3. d 

4. d 

PERFORMANCE GUIDEi 

1. Turn power off. 

2. Determine that power is off by checkinf conductor(s) at the point of 
connection(s) with voltage tester* 

3. Replace relay or timer with an equivalent part* 
4* Turn power on. 

5. Assure relay/timer operation. 
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DUTY: MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 46 
TASK: Repair water heater, 

STANDARD OF PERFORMANCE OF TASKi All replacements must be made with 
equivalent parts. Water heater must be equipped with pressure relief valve* When 
repairs are completed^ waiter heater must heat at rated capacity and to 
temperature of thermostat setting, 

SOURCE OF STANDARDi Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKs 
The basic tool kit and repair parts 

ENABLING OBJECTIVE{S): 

1. Identify the main parts of the hot water heater, 

2* Determine the proper tools and materials to be used, 

3* Recall operating characteristics of the hot water heaters. 

4, Recall the procedures for troubleshooting hot water heaters* 

EESOURCESi 

Alerieh. Electrical Construetion Wiring, pp, 206=208* 
Miller* Residential Electrical Wiring, pp* 322 -323* 

TEACHING ACTIVITIES^ 

1* Have the students read Electrical Construction Wiring, pp* 206-208* 
2* Discuss the different types of hot water heaters, 

3, Explain the steps in heating of water in the tank. 

4. Review terminology and operation of the main parts of a hot water heater 
system* 

5* Have the students find and record temperature settings of their hot water 
heaters at home. 

6. Show the different examples of hot water heaters in class. 

7. Demonstrate troubleshooting techniques with volt-ohm meter. 

CRITERION REFERENCED MEASUREi 
Questiona: 

1. A large family of today is more likely to have what type of electric water 
heater? 

2. What devices are installed as safety features on a modern electrical hot 
water heater? 

3. Most modern electric hot water heaters operate off what voltage? 

4. The replacement of a bad element on a 4500 watt dual element hot water, 
should be replaced with what size element? 

Answersi 

1. A double (or dual) element heater 

2. A high pressure relief valve, high temperature cutoff 

3. 220-240 volts 

4. 4500 watt of equivalent size 
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PERFORMANCE OBJECTIVE V-TECS 46 (Continued) 

PRACTICAL APPLICATIONS 

Diapiose hot water heater that is not supplying hot water* Make neeessary repairs 
or replacement as required* Use only replacement parts equivalant to 
manufacturer's. Unit must include the proper safety devices and operate to 
specifications* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist Performance Objactive 46 to determine if the assignment was 
completed with at least a 90 percant proficiency* 

PERFORMANCE GUIDEi 

1» Turn power off. 

2. Remove access panel from water heater. 

3. Inspect wiring and terminal connections. 

4. If wiring is secure and routed as required^ turn power on* 

5. Using voltage tester^ check for correct voltage at line terminals on high 
limit control, 

6. Without correct voltage at this point? check power supply. 

7. Check voltage at load terminals on high limit control. 

8. If there is no voltage at load terminalSj prass reset button on high limit 
control. 

9* If power is not restoredj replace high limit control, 

10, Check voltage at load terminals on thermostat, 

11, If correct voltage Is not present^ replace thermostat, 

12, Turn power off. 

13, Check heating alement(s)i using ohmmeteri for open shorts and grounds. 

14, If element(s) must be replacedj turn off water supply^ drain tank and replace 
element. 

15, Determine If pressure relief valve is in place, 

16, With element in place, turn water supply on and open hot water faucet to let 
air escape while tank Is filling, 

17, When tank is full* turn faucet off and cheek for leaks, 

18, Turn power on, 

19, Assure required operation with ampmeter* 

20, Replace access panel. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 46 EVALUATION 
PERFORMANCE TEST FOR REPAIR OF AN ELECTRIC HOT WATER HEATER 



Studant's Name Date 

DIRECTIONS TO STUDENT^ Diagnose a hot water heater that Is not suppiying^ hot 

water* Make necessary repairs or replacement as 
required* Use only replacement parts equivalent to 
manufaeturer's parts. Unit must include proper safety 
devices and operate to specifications* 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to items to 

be evaluated. Watch for safety violation. Allow 
student a reasonable amount of time as would be 
required on a job site. A score of 90 percent is 
required for competency. 



ITEMS TO BE EVALUATED Satisfaetory Unsatisfactory 



1. The student turned power off, 

2* The student removed access panel and checked 
power again* 

3. The student checked wiring and terminal con^ 
nections. 

4* The student turned power on and checked line 
terminals of high limit control for correct 
voltage. 

5* The student cheeked for same voltage on load 
side of high limit control, 

6* The student pressed reset button if no voltage 
on load side. 

7. The student replaced the high limit control if 
power not restored* 

8* The student checked voltage at load terminals 
on thermostat. 

9. The student replaced thermostat if correct 
voltage not present. 

10, The student turned power off* 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 46 EVALUATION (Continued) 
ITEMS TO BE EVALUATED Satisfaotory UnsatisfaGtory 

11. The student checked elements with ohmmeter. ^ 

12. The student determined element is bad. 

13. The student turned off water supply and 

drained tank. 

14. The student replaced the element* . 

15» The student cheeked pressure relief valve* ^ 

16* The student refilled tank with water. 

17, The student turned the power on* .= 

18, The student cheeked element load with 

ammeter* . 

19* The student replaced access panel* 

20* The student finished task in reasonable 
amount of time. 

APPROVEDi Yes No 

Evmluator's Sipiatura Date 
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DUTYi MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 47 

TASKS Install and maintain emergency lightinf. 

STANDARD OF PERFORMANCE OP TASKi The wirinf must be kept entirely 
independent of all other wiring and equipment* Emergency lights must operate 
when electrical power goes off* The Installation of the emergency lighting must 
meet the requirements as outlined by the National Electrical Code (Article 700) 
and the local authority having jurisdiction* 

SOURCE OF STANDARD! 

Tennessee Writing Team* 

National Electrical Code, pp* 577-581* 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* Wiring for emergency lighting 

2* The basic tool kit 

3* Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1. Identify the main parts of an emergency lighting system. 

2. Determine the proper tools and materials to be used* 

3. Recall the operating characteristics of an emergency lighting system. 
4* Interpret the Information supplied by the manufacturer for installation. 
5* Read and Interpret the National Electrical Code. 

RESOURCES: 

National Eleetrical Code, 1984* Article 700. 

TEACHING ACTIVITIESi 

1* Instruct the students to read National Electrical Code, 1984, Article 700* 
2* Discuss the use of an emergency lighting system. 

3. Review a set of manufacturer's instructions with the students* 

4. Demonstrate the procedures for troubleshooting of an emergency system* 

5. Have the students design a layout for an emergency lighting from a set of 
blueprints of a school* 

CRITERION REFERENCED MEASUREi 
Questions: 

1* The article of the National Electrical Code that covers the Installation of an 
emergency lighting system Isi 



a* 


Article 336 


b* 


Article 550 


c* 


Article 700 


d. 


Article 730* 


The 


wiring of an emergency lighting system must. 


a. 


Always exist within some enclosure as main wiring 


b. 


Always be of a lower voltage 


c. 


Be kept entirely independent of all other wiring 


d* 


Always be of a higher voltage. 
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PERFORMANCE OBJECTIVE V-TECS 47 (Continued) 



3. Which of the following is not a recommendation by the National Electrical 
Code for the testing of an emergency lighting system? 

a. Witness test upon the Installation of the system 

b. Keep written records of the tests and maintenance 
c* Test the system under load 

d. Check and test the system monthly, 

Anawersi 
!• c 

2, G 

3* d 

PERFORMANCE GUIDE: 

1* Make wiring connections according to manufacturer's instructions. 

2. Connect power to unit and assure required operation* 

3. Locate lighting so that designated escape routes are clearly visible* 

4. Test periodically. 
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DUTYs MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 48 

TASKi Repair or replaoe frayed service cords, 

STANDARD OF PERFORMANCE OF TASKi Insulatinf materials and cord must 
be required size and type for conditions encountered. Defective parts must be 
replaced with equivalent parts. The repair of the service cords must meet the 
requirements as outlined by the National Electrical Code (Article 400-7^8-^9 and 
tables) and the local authority having jurisdiction. 

SOURCE OF STANDARDi 
Tennessee Writing Team* 

National Electrical Code, pp* 257-259^ 243-258, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Service cord 

2. The basic tool kit 

3. Installation/electrical materials, 

ENABLING OBJECTIYE(S)i 

1* Identify the size and type of cord conductors, 

2* Determine the proper tools and materials to be used, 

3, Recognize when to repair or when to replace frayed service cords, 

4. Read and Interpret the National Electrical Code, 

RBSOURCESi 

Miller^ et al,. Energy: ElectFielty/Eleetronias, pp* 209-210, 
National Elaotrical Code, 1984. Article 400, 

TEACHING ACTIVITIESi 

1, Instruct students to read Enefgyj Electrlelty/Eleetronics, pp, 209^210, 

2, Review Article 400-1 to 400-9 of the National Eleetrio^ Code, 1984, with 
the students, 

3, Show examples of service cords that would require replacement, 

4, Demonstrate the procedure for checking of conductors with volt- ohmmeter, 

5, Have the students check a home or place of business for cords In need of 
repair, 

CRITERION REFERENCED MEASUREi 
Questions: 

1, One area where flexible cords are not to be used iss 
a* For wiring of cranes and hoists 

b. Where concealed behind building walls 

c. For wiring of fixtures 

d. Connection of portable lamps or appliances. 
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PERFORMANCE OBJECTIVE V~TECS 48 (Continued) 



2. Flexible cords when Initially installed must* 

a. Be oversized for protection 

b. Be fused for protection 

c. Be installed within a flexible conduit 
d* Be in continuous lengths 

e. None of the above* 

3, Which type cord is classified as "hard usages" 
a* SJ 

b* HSJ 

c. 500 

d. HS 

e. AH of the above. 

Answers: 

1. b 

2. d 

3. e 

PERFORMANCE GUIDEi 

1. Turn power off. 

2. Determine that power is off by cheeking cQnductor(s) at point of 
conneetion(s) with voltage tester* 

3. If replacement of service cord is made^ cord must be sufficient size for load 
being served. 

4* Remove old cord from appliance and points of attachment. 

5. Attach new cord to appliance and secure ends of cord in boxesi leaving 
sufficient free ends for connections. Maintain strain relief if necessary. 

6. Remove sufficient insulation from conductor ends for connections* 

7. Connect ends of cable to existing wires or terminals making sure polarity Is 
correct. 

8. Turn power on. 

9. Check circuit being served for required voltage and polarity. 
10. Assure required operation of appliance. 
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DUTYs MAINTAiNING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 49 

TASKt Replace existing interior load eenter. 

STANDARD OF PERFORMANCE OF TASKi Load center must be replaced with 
approved equi/alent parts. The replacement of an existing interior load center 
must meet the requirements as outlined by the National Electrical Code (Article 
110, Part A, 230, 250, 300, and 240) and the local authority having jurisdiction/ 

SOURCE OF STANDARDi 
Tennessee Writing Team* 

National Eleotrieai C^e, pp, 16-21, 57-110, 113=122, 

CONDITIONS FOR PERFORMANCE OF TASK: 
1- Load center 

2. The basic tool kit 

3, Installation/electrical materials* 

ENABLING OBJECTIVE(S): 

1. Identify existing load center for the si^e and type. 

2. Determine the proper tools and materials to be used. 

3. Recall the proper procedures for removing the old load center. 

4. Analyze the condition of the existing mounting surface. 

5. Apply the standards of the replacing load centers as required by the National 
Electrical Code or a local authority* 

RESOURCESi 

Colvln. Electrleal Wiring, pp. 115-^119. 

Foley, Eleotrieml Wiring Fundamentals^ pp, 251-253. 

TEACHING ACTIVITIESi 

1* Instruct the students to read Eleotrieal Wiring, pp. 115-119 and Eleotrleal 
Wiring Fundamentate, pp. 251-252. 

2, Demonstrate the proper connections for checking the voltage. 

3, Discuss the procedures for changing an existing service, 

4. Have the students identify the main parts of a load center, 

5. Make an assignment for the students to bring information on home service 
center and be ready to describe what would be needed to change it. 

CRITERION REFERENCED MEASURES 
Quastiona: 

!• All are ways to increase the load center size excepti 

a. Install larger service conductors and increase load center main breaker. 

b. Install complete new service conductors, raceway, weather head, and 
change load center interior. 

0. Install new meter base in parallel with existing meter, 
d. Make a complete service change out* 
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PERFORMANCE OBJECTIVE V-TECS 49 (Continued) 

2. The article of the National Electrical Code that covers "s/jrvices" is^ 
a. Article 250 

Article 220 

Article 130 
d* Article 230. 

3* The replacing of an existing load center requires stri'jt attention to^ 

a. OSHA regtjlations 

b. The local authority having jurisdiction 

c. Underwriters Laboratories 

d. The National Electrical Code* 

Answersi 

1. c 

2. d 

3* b and d 

PERFORMANCE GUIDEi 



1* 


Turn power off* 


2. 


Determine that power is off by checking eQnductor(s) at the point of 




connection(s) with voltage tester* 


3* 


Remove wires from old box and mark circuits. 


4, 


Remove old box. 


5* 


Attach new load center to structure* 


6. 


Connect existing wires to new load center* 


7, 


Insert breakers of proper size and type* 


8. 


Connect existing wires to breakers. 


9, 


Turn power on. 


10, 


Test all circuits* 


11, 


Fill out circuit directory* 


12. 


Replace cover* 
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DUTYs MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 50 
TASKi Replace eable. 

STANDARD OF PERFORMANCE OF TASKi The replaced cable must meet the 
requirements as outlined by the National Electrical Code (Article 300^ part A, and 
Article 200) and the local authority having jurisdiction* 

SOURCE OF STANDARD! 

Tennessee Writing Team* 

National Electrical Code, pp. 25-27, 113-122* 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. Cable 

2. The basic tool kit- 

ENABLING OBjECTIVE(S)i 

1. Identify type and size of cable to be replaced. 

2. Determine the proper tools and materials to be used, 

3s Identify the construction members common in existing dwellings. 
4p Recall the methods of passing around construction members. 

RESOURCESi 

Miller^ Residential Electrical Wiring, pp. 296-302. 
Foleyj Electrical Wiring Fundamentalat pp* 283^259* 

TEACHING ACTIVITIES: 

1. Discuss the terms associated with cable installations of existing dwellings. 

2. Discuss the problem areas associated with replacing cable in existing 
dwellings. 

3. Instruct the students to read Residential Electrical Wiring, pp. 296-302. 
4* Demonstrate the techniques for the fishing of new cables- 

5* Provide the students with a field trip to an old house in the process of 
remodeling, to view exposed construction members, 

CRITERION REFERENCED MEASUREi 
Questions: 

1, A construction member that might exist between two 2x4 studs is calledt 

a. Rafter 

b. Pier 

c. Girder 

d. Fire stop. 

2, Cables run through notches in wood must be protected by a steel plate oft 
a* 1*16 inches thick 

b. 1/4 inches thick 
c* 1/8 inches thick 
d. 3/16 inches thick. 
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PERFORMANCE OBJECTIVE V-TECS 50 (Continued) 



The general N,E,C. rule is that cable installed in exposed areas must bes 
a* Run in short lengths 
b» Of galvanized materials 
c. Protected from damage 
d» At least #8 copper. 



Anawersi 

1. d 

2. a 

3. o 



PERFORMANCE GUIDE: 

1. Locate installation point. 

2. Turn power off, 

3. Determine that power is off by checking conductor(s) at the point of 
conneetion{s) with voltage tester* 

4. Remove old cable being replaced, 

5. Terminate cable inside an enclosure through approved connectori. 

6. Connect cable to terminals or spHee to other conductors with approved 
splices. Connections must be tight and polarity correct* 

?• Tape or otherwise insulate connections to withstand applied voltage where 

required. 
8* Turn power on* 
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DUTYs MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 51 
TASKi Replace circuit breakers. 

STANDARD OF PERFORMANCE OF TASKi Breakers must be identified for use 
with paneJ, must be of required size and type, and must be fully inserted to enffaffe 
witn the busses. - 

SOURCE OF STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Breakers 

2. The basic tool kit, 

ENABIJNG OBJECTiyE(S)2 

1. Identify the type and size of the circuit breakers* 

2. Determine the proper tools and materials to be used. 

3. Recognize the method of removing the circuit breakers. 

4. Recall the proper safety techniques, 

RESOURCESi 

Alerich, Electrioal Conatruetion WiFingp pp. 280-282. 
Foley, Electrioal Wiring Fundamentala, pp. 169-172. 

TEACHING ACTIVITIESs 

1. Provide the students with various types of circuit breakers. 

2. Discuss the differences In circuit breakers. 

3. Instruct the students to read Eleotrieal Conatructlon Wiring, pp. 280-282 

4. Demonstrate the procedure for changing circuit breakers 

5. Have students identify the brand and size of circuit breakers used at home 
load center. 

6* Conduct a tour for the students to view circuit breakers In different parts of 
the building. 

CRITERION REFERENCED MEASURE: 
Questionsi 

1. What position will a circuit breaker be In after being tripped^ 

2. Why is it desirable for overcurrent protection devices to allow short term 
moderate overloads without cutting off power to circuit^ " 

3. What are circuit breakers^ like fuses rated for? 

4. What sizes are circuit breakers rated for residential use? 

5. The National Electrical Code requires what of circuit breakers? 

Anawersi 

1. ^nter position, usually with a red flag as an Indication for being tripped 

This provides enough delay to allow a motor driven appliance to be used 
without tripping the circuit breaker. 

3. For voltage and interrupting current. 

4* 15 to 200 amperes* 

5. Must be clearly marked "off" and "on." 
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PERFORMANCE OBJECTIVE V^TECS 51 (Continued) 



PERFORMANCE GUIDEf 

1. Turn power off. 

2, Determine that power is off by checking aonductor(s) at the point of 
eonneetion(s) with voltage tester. 

3* Remove one bpeaker from paneL 

4. Remove eonduotor from old breaker, 

5. Connect new breaker to qonductor* 

6. Install breaker to paneL 

7. Replace each breaker in the same manner. 

8. Turn power on, 

9» Assure required operation. 
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DUTYs MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 52 

TASEi Replace existing reeeptacle or switch. 

STANDARD OF PERFORMANCE OF TASKs Switch and/or receptacle must be 
replaced with one of same type and voltage rating as QriginaL Switch and/or 
reeeptacle must be mounted in same position as original and covers in plaee^ 
straight, and plumb. The Installation of the switch and/or receptacle must meet 
the requirements as outlined by the National Electrical Code (Article 210) and the 
local authority having Jurisdiction. 

SOURCE OF STANDARD! 

Tennessee Writing Team, 

National Eleetrlcal Code, pp, 27-38. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* The basic tool kit 

2. Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1* Identify the type and size of the receptacle or switch* 
2, Determine the proper tools and materials to be used. 
3* Recall the proper safety techniques. 

RESOURCES: 

Foley, Electrical Wiring FundamentalSt pp. 141-152, 
Colvin, ElectFical Wiring, pp, 78-90, 94-111. 

TEACHING ACTIVITIES: 

1* Discuss the terms associated with receptacles and switches. 

2, Provide the students with various types of receptaeles and switches, 

3, Instruct students to read EleotFical Wiring Fundamentals^ pp, 141-152, 

4, Demonstrate the procedure for changing receptacles or switches, 

5, Have the students practice making wire connections on receptacles and 
switches, 

CRITERION REFERENCED MEASUREi 
Questions: 

1* The most common type of receptacle isi 

a. Single receptacle type 

b. Single receptacle with a switch 

c. Duplex receptacle with weatherproof cover 

d. Standard grounding duplex receptacle, 

2, By removing the break off connection tab between the brass terminals of a 
receptacle, youi 

a. Make it a fire hazard 

b. Have a reduced utility bill 

c. Create a short circuit 

d. Make It possible to connect a separate circuit. 
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PERFORMANCE OBJECTIVE V-TECS 52 (Continued) 



3* You can identify the common terminal on a 3^way switch bys 

a. The different color than other terminals 

b. The word "common" on back of switch 

c. Using an ohmmeter 
d* All of the above. 

Answarsi 



PERFORMANCE GUIDEf 

1* Turn power off* 

2, Determine that power is off by checking conductor(s) at the point of 
connection{s) with voltage tester, 

3, Remove switch or receptacle from box* 

4, Disconnect conductor from existing receptacle and switch. 

5, Connect switch or receptacle observing correct polarity, 

6, Connect ground wire to grounding terminal on receptacle. 

7* Push switch or receptacle Into outlet box and tighten screws* 

8* Replace outlet covers, 

9. Turn power on* 

10* Check for proper polarity. 

11* Turn switch on* 

12. Assure receptacle/switch* 



1. 
3* 



d 
d 

d 
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DUTYi MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 53 
TASKi Replace fuses, 

STANDARD OF PERFORMANCE OF TASKs The fuses must meet the 
requirements as outlined by the National Electrical Code (Artiole 240^ Part E) and 
the local authority having jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team* 

National Eleetrieal Code, pp. 80-8 1. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Assortment of fuses 

2, The basic tool kit. 

ENABLING OBJECTIVE(S); 

1, Identify the various types of fuses. 

2, Determine the proper tools and materials to be used* 

3, Determine the cause for replaeing fuses* 
4* Test the condition of the new fuse, 

RESOURCESi 

Foleyy Eleotrioal Wiring Fundamentalai pp. 166-169. 
Aleriehs BlaatHoal Construction Wirings pp. 282^289. 

TEACHING ACTmTIESi 

1. Provide the students with various types and si^es of fuses for viewing. 
2* Demonstrate the procedure for checking fuses with a volt ohmmeter. 

3. Demonstrate the use of a fuse puller, 

4. Instruct the students to read Article 240 from the National Elaotrioal Code, 

5. Conduct a tour for the students to view various fuses used throughout the 
building. 

6. Instruct the students to read EleotHoal Wiring Fundamentala, pp. 166-169. 

CRITERION REFERENCED MEASURES 
Questions^ 

1. Generally speakings what is the maximum voltage of a circuit that a plug 
fuse can be used in? 

2. What are the amperage ratings of plug fuses used in residences? 
3* Circuits rated over 30 amperes must use what type of fuse? 

4* What type of fuse is used when a heavy starting current Is drawn by a motor? 
5. What is a nontamperable type fuse that uses a special mechanical design? 
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PERFORMANCE OBJECTIVE V=TECB 53 (Continued) 



Answersi 

1. 12S volts between conduGtorSi 240-50 A* N,E*C* 

2. 15, 20^ 25, and 30 amperes 
3* Cartridge type fuses 

4, A time delay fuse 

5. A type "S" fuse 

PERFORMANCE GUIDEi 



1. 


Turn power off serving fuse paneL 




2. 


Remove cover from fuse panel so wire size can be 
question as to fuse size. 


observed if there is a 


3* 


Cheek wiring connections* 




4. 


Insert all fuses of correct size and type* Be sure 


all fuses are tight in 




holders* 


5, 


Turn power on* 




6. 


Check voltage with tester at each fuse holder. 




7, 


Replace fuse panel cover. 
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DUTYi MAINTAINING EXiSTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 54 

TASKi Replace grounding electrode conductor. 

STANDARD OF PERFORMANCE OF TASKi Connections must be made at 
designated points and must be tight. The Instailalion of the grounding electrode 
eonduetor must meet the requirements as outlined by the National Electrical Code 
(Article 250^92 and Table 250^94) and the local authority havlngj'urlsdictlon, 

SOURCE OP STANDARD: 

Tennessee Writing Team, 

National Eleetrioal Code, pp, 102-104. 

CONDITIONS FOR PERFORMANCE OF TASKs 

It Grounding electrode conductor 

2, The basic tool kit 

3* Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Identify the proper size conductor to be used. 

2. Determine the proper tools and materials to be used, 

3. Determine the proper points of connection* 

RESOURCESi 

National Electrical Code, 1984. Article 250-92 and 250-94. 

TEACHING ACTIVITIESi 

1* Provide the students with various sizes of grounding conductors. 
2. Demonstrate the procedures for checking voltage on conductors* 
3* Emphasize the importance of secure fittings* 
4* Show the students the points of connection to system* 

5. Conduct a field trip for the students to view examples of proper 
installations* 

6. Instruct the students to read National Eleatrical Code, Article 250-92 and 
250=94* 

CRITERION REFERENCED MEASURE: 
Questionsi 

1* Aluminum or copper clad aluminum cannot be used in contact with masonry 

or earth* (True or False) 
2. Grounding electrode conductor connections must be made on the load side 

termination lugs of a meter. (True or False) 
3* Number 6 or larger conductors must be in conduit If subject to physical 

damage. (True or False) 
4* A grounding electrode conductor can originate at the load center or in the 

meter base* (True or False) 
5. The National Electrical Code lists the minimum size grounding electrode 

conductors used. (True or False) 
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PERFORMANCE OBJECTIVE V-TECS 54 (Continued) 



Answersi 

1. True 

2. False 

3. True 

4. True 

5. True 

PERFORMANCE GUIDEi 

1* Call power company to turn power off. 

2. Determine that power is off by chacking eondUGtor(s) at point of 
conneetion(s) with voltage tester, 

3. Locate termination points of conductor, 

4. Loosen terminals and remove defective conductor from terminals and 
structure* 

5» Apply corrosive inhibitor, if required by local authorities, 

6» Terminate grounding conductor at points designated by authority having 
jurisdiction, 

7. Fasten conductor to previously installed grounding electrode with clamp 
approved for direct buriaU Connections must be tight, 

8. Attach conductor securely to structure* 

9. Call power company to turn power on* 
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DUTYi MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TBCS 55 
TASKi Replace pilot light bulb, 

STANDARD OF PERFORMANCK OF TASKs The bulb must burn, be of the 
required size and voltage* and indicate when the appliance or equipment Is 
working. All connections must be tight. Connectors must be suitable for the 
conditions encountered. 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Pilot bulb 

2. The basic tool kit, 

ENABLING OBJECTIVE(S)s 

1, Identify the proper size and voltage rating of pilot light feplacement, 

2, Determine the proper tools and materials to be used. 

3* Determine the proper disconnection of power for the replacement of the 
pilot light bulb. 

RESOURCESi 

Miller. Industrial Electricity^ p* 308. 

TEACHING ACTIVITIESi 

1. Demonstrate to the students the various types of pilot lights. 

2. Demonstrate the procedure for checking voltage at the point of connections. 

3. Demonstrate the removal of the pilot light lamp, 

4^ Have the students read and trace wiring diagram for proper connection. 
5. Instruct the students to read Industrial Elaetrlcity, p. 308» 

CRITERION REFERENCED MEASUREi 
Questions^ 

1. What is the most important part in the ohanging of a pilot light lamp? 

2. What does a lit pilot light usually indicate? 

3. What two things does an unlit pilot light usually Indicate? 

Anawersi 

1* The new lamp must be of required size and voltage. 

2p The equipment or appliance is working* 

3. The power is either not on or the lamp is burned out. 
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PERFORMANCE OBJECTIVE V-TECS 55 (Continued) 
PERFORMANCB GUIDE; 



1, 


Locate installation point. 




Turn power off* 


3, 


Determine that power Is off by ehecking oonduetor(s) at point of 




aonneetion(s) with voltage tester. 


4. 


Remove required eover plates and trim to get to bulb. 


5, 


Replaoe the bulb with the new one. 


6. 


Make necessary wiring connect ionsf if any. 


7. 


Replace cover plates. 


S. 


Replace trim. 


9. 


Turn power on. 


10. 


Assure required operation of pilot light. 
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DUTYi MAINTAINING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 56 
TASKi Replace service entrance, 

STANDARD OF PERFORMANCE OF TASKi All serviee equipment and wiring 
must have suffieient ampacity to serve the purpose* All connections must be 
tight. The serviee entrance must be grounded. The replacement of the service 
entrance must meet the requirements as outlined by the National Electrical Code 
(Article 230, 250* 310, and 110) and the local authority having jurisdiction. 

SOURCE OF BTANDARDi 

Tennessee Writing Team, 

National Eleotrlcal Code, pp. 16-24, 57-74, 83-110, 124-161» 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* Installation/electrical materials 

2. The basic tool kit* 

ENABUNG OBJECTIVE(S)i 

1, Identify service entrance materials by terminolo^* 
2* Determine proper tools and materials to be used* 

3. Identify the requirements of National Electrical Code dealing with service 
entrance replacement* 

RESOURCESi 

Alerich* Eleetrioal Construction WiFlnf, pp. 255-294. 
Foley. Elaetrioal Wiring Fundamentals, pp. 176-197, 

TEACHING ACTIVITIESs 

1. Discuss the local policies dealing with serviee changes* 
2* Invite the local electrical Inspector to talk to the class* 

3. Provide the students with a list of terms associated with servioes for 
discussion. 

4. Show and explain parts of a service entrance, 

5. Have the students calculate a residential service size. 

6. Instruct the students to read Eleetrieal Construction Wiring, pp. 255-294. 

7* Conduct a field trip for the students to view various examples of service 
entrance installations* 

CRITERION REFERENCED MEASURE: 
Questions: 

1. The portion of a service raceway that extends through a roof or eave Is 
called: 

a* Roof lashing 
b. Service lateral 
0. Service drop 
d. Service mast. 
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PERFORMANCE OBJECTIVE V-TECS 56 (Continued) 



2, The National Electrical Code specifies that conductors for 120/240 volt 
serviees musti 



1* d 

2, a 

3, d 

4, b 

5, d 

PRACTICAL APPLICATION: 

Replace an old existing service entrance with a new system. The service must be 
of sufficient ampacity and be well grounded. It must also meet all local and 
national requirements. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist Performance Objective 56 to determine if the assignment was 
completed with at least a 90 percent accuracy. 

PERFORMANCE GUIDEi 

1, Remove power from existing service. (Che<:!^< with power distributor). 

2p Remove existing service entrance. 

3. Attach new meter base to structure. 

4. Attach new service panel to the structure. 

5. Run conduit or service cable from the service panel to the meter base. 

6. Run conduit or service cable from the meter base to the service drop, 

7. Attach conduit or cable to the structure* 

8. If conduit, run conductors through conduit. 

9. Install weatherhead, 

10. Install new grounding electrode and grounding electrode conductor if 
required. 

11. Test for shorts and grounds. 

12. Have service entrance inspected. 



5. 



4. 



a. Be 10 feet above grade or ground level 

b. Be attached under the eaves 

c. Never cross a sidewalk or driveway 

d. Be 18 feet above the point of attachment. 
Which is not a main part of a service entrance? 

a. Service head 

b. Meter 

c. Service panel 

d. Water pipe ground. 

Which is not another name for service panel? 

a. Distribution panel 

b. Load control 

c. Panelboard 

d. Load center. / 
The size of service equipment wilU 

a. Determine the size of the grounding electrode. 

b. Have sufficient ampacity to serve the purpose. 

c. Determine the power companies service conductors. 

d. Include all the above. 



Answersi 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 56 EVALUATION 
SERVICE ENTRANCE REPLACEMENT 



Student's Name Date 

DIRECTIONS TO STUDENTi Replace an old existing service ent ranee with a new 

system. The service must be of sufficient ampacity 
and be well grounded. It must also meet all local and 
national requirements* 

DIRECTIONS TO INSTRUCTORi Observe the student. Pay close attention to the items 

to be evaluated. Watch for safety violations. Allow 
the student a reasonable amount of time as would be 
required on the job site. A score of 90 percent is 
rgquired for competency. 



ITEMS TO BE EVALUATED Satisfactory UnBatisfaatory 



1. The student checked for power disconnection. 

2. The student removed the existing service en-^ 
trance. 

3. The student determined the size for the new 
service. 

4. The student attached a new meter base to 
structure. 

5* The student attached a new service panel to 
structure (if needed). 

6* The student connected the service panel to 
meter with conduit or service cable, 

7. The student attached the conduit or cable 
riser. 

8. The student attached weatherhead. 

9. The student ran conductors through conduit 
(if needed). 

10. The student installed a new grounding elec- 
trode and grounding electrode conductor. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 56 EVALUATION (Continued) 

ITEMS TO BE EVALUATED Satisfacto^ Unsatisfactory 

11. The student prepared all terminal connections 

tight and with lubricant, 

12* The student checked for proper voltages after 

connection by the power company. ^ 

13. The student called for an Inspection. 

14. The student followed safety procedures* __ 
APPROVEDi Yes No 



Evaluator's Sl^ature Date 




DUTYs MAINTAINING EXISTING WIRING 



PERFORMANCK OBJECTIVK V-TECS 57 
TASKi Replace transformer, 

STANDARD OF PERFORMANCE OF TASK^ The transformer must match or 
exceed the rating of the original transformer. 

SOURCE OF STANDARDi 
Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A transformer 

2, The basic tool kit 

3, Installation/eleotrical materials, 

ENABLING OBJECTIVE(S)i 

1. Identify the type and sizes of transformers* 

2. Determine the proper tools and materials to be used. 
3* Identify the terms associated with transformers, 

4* Determine the correct voltage readings. 



RESOURCESi 

Alerich. Electrlcily 3^ pp, 129-148. 
Gebert. Transformers, pp, 314-332, 

National Eleetrieal Code Committees National EleetPieal 0^©* 1981* Article 450. 

TEACHING A.CTIVITIESr 

1. Provide the students with various types and sizes of transformers for 
viewing* 

2. Illustrate various transformer diagrams* 

3. Have the students view different transformer plates for hook-ups, 

4. Diseuss Article 450 of the National Eleotpleal Code on transformers with the 
students. 

5. Provide the students with a tour of a plant containing many transformers* 
6* Invite a representative from a transformer company to speak to the class, 

7. Make a transformer for demonstration. 

8. Demonstrate the proper and safe method of using an Insulation tester to test 
a transformer* 

CRITERION REFERENCED MEASUREj 
Questions: 

1. According to the National Electrical Code, where should the high voltage 
side of a transformer be located? 
a* Inside junction box 

b. Near center of stud 

c. Near an air vent 
d» In open areas only. 
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PERFORMANCE OBJECTIVE V-TECS 57 (Continued) 

2. The most commonly used transformer in residantial usage isi 



a. 


One-to-one type 


b. 


Autotransformer 


e. 


Step-up type 


d. 


Step'-down type. 


When replacing an old transformer, you shoulds 


a.. 


Be concerned about physical size 


b. 


Purchase a higher rated voltage 




Use the manufacturer's reeommendations 


d. 


None of the above* 



Answers^ 
1* a 

2. d 

3. c 

PERFORMANCE GUIDE: 

1, Locate existing transformer, 

2, Turn power off. 

3* Determine that power is off by checking conduetor(s) at the point of 
connectionCs) with voltage tester. 

4. Remove the existing transformer* 

5. Read manufacturer's Instructions for the replacement transformer, 

6. Attach the transformer to the device* 

7. Remove cover plates. 

8. Make necessary wiring connections^ using appropriate connectors. 
9* Replace all cover plates* 

10. Turn power on. 

11. Assure required operation of the transformer. 
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DUTYi MAINTAINING EXiSTINC WIRING 



PERFORMANCE OBJECTIVE V-TECS 58 
TASKj Service electric motors* 

STANDARD OF PERFORMANCE OF TASKi The motor must be cleaned of dust 
and other foreign materials. Connections must be cheeked. All bearings must be 
oiled or greased. 

SOURCE OF STANDARDS 
Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. Electric motors 

2. The basic tool kit 

3. Installation/electrical materials* 

ENABLING OBJECTIVE(S)s 

1. Identify the termlnolofy associated with motors. 

2. Determine the proper tools and materials to be used. 

3. Identify the Importance of selecting the proper cleaning materials. 

RESOURCES^ 

Alerlch. ElectPielty 4, pp. 141^153. 

TEACHING ACTIYITIESf 

1. Review the routine maintenance recommendations with students* 

2. Demonstrate the special areas for cleaning. 

3* Provide the students with various types and si?es of motors for viewing, 
4* Demonstrate the proper teohnlques for checking the voltage on motors, 
5, Invite a motor manufacture representative to talk to the class on servicing 
eleotric motors, 

6* Demonstrate the proper procedure for cleaning to prevent damage to Interior 
motor wiring. 

7. Demonstrate proper procedures for checking motor lead connections for 

tightness, routing and continuity* 
8* Demonstrate proper procedure for lubricating different types of bearings, 

CRITERION REFERENCED MEASURE^ 
Questions: 

1. Careful motor troubleshooting requires the use ofs 
a* The sense of smell 

b. The sense of feel 

c. Hearing and vision 

d. All of these* 

2. Ball bearings should be removed from a motor shaft using m 
a. Bail pin hammer 

b* Bearing puller 
0* Balance tester 
d* Gear puller. 
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PERFORMANCE OOJECTIVE V-TECS 58 (Continued) 

3. Periodic inipactlon of motors is important because^ 

a. It Is required by the Job standards 

b. It completes a day's work 

0. It is a requirement of supervision 

d» It gives advance notice of impending trouble, 

Answersi 

U d 
2. b 
3* d 

PERFORMANCE GUIDEs 



1. 


Locate motor to be serviced* 


2. 


Turn power off. 


3, 


Determine that power is off by checking conductor(i) at the point of 




connection(i) with voltage tester. 


4. 


Remove protective covers as required* 


5. 


Clean motor of all foreign materials (dust, straw, lint etc). 


6. 


Check all wiring connections. 


7* 


Oil or lubricate as required. 


8. 


Replace all protective covers* 


9* 


Turn power on* 


10. 


Assure required operation of motor. 
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DUTYi MAINTAINING EXISTING WIRING 
PERFORMANCE OBJECTIVE V-TECS 59 
TASKi Test for correet voltage, 

^ANDARD OF PERFORMANCE OF TASKs Voltage must be equal to the unit 
data plate requirements or the same as supplied by the power distributor for a 
given oirauit* 

SOURCE OF STANDARDS 
Tennessee Writing Team* 

CONDITIONS FOR PERFORMANCE OP TASKs 
1« A power souree 
2. The basle tool kit* 

ENABLING OBJECTIVE(S)i 

1, Determine the proper tools to be used, 

2. Identify the needed voltage for the correct operations* 

RESOURCESi 

Foley* Electrieai Wiring Fundamentml% pp, 68-^72* 

TEACHING ACTIVITIESi 

!♦ Discuss the different types of voltage recording devices, 
2* Demonstrate the ways to find circuit to be tested for correet voltage, 
3* Have the students measure low voltage and high voltage with a volt 
ohmmeter, 

4. Have students measure unknown voltages set up by the instructor, 

5. Discuss the safety practices that should be used when measuring live 
circuits, 

CRITERION REFERENCED MEASUREi 
Questional 

1* How must a voltmeter be connected to measure voltage across a load? 

2, Why should voltage testers be tested before use? 

3. If the National Electrical color code has been followed, what color will a 
wire circuit be? 

Answers: 

1* It must be connected parallel with circuit load, 

2, To assure there Is no breaks In the test leads 
3* Black, white and red 

PERFORMANCE GUlDEi 

1, Locate circuit to be tested* 

2* Determine what voltage should be. 

3, Turn circuit on at the distribution service panel or switch, 

4, Check voltage using voltmeter. 
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DUTYi MAINTAIKING EXISTING WIRING 



PERFORMANCE OBJECTIVE V-TECS 60 
TASEi Troubleshoot a branch circuit. 

STANDARD OF PERFORMANCE OF TASKi A circuit must be checked for open 
circuits, short circuits, correct voltar . and correct polarity* All connections 
must be tight. The voltage must be as i .^^t^^ulred and the circuit must function. 

SOURCE OP STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASK? 

1. A defective branch circuit 

2. The basic tool kit, 

ENABLING OBJECTIVE(S)i 

!• Identify the principles of the electrical circuit operation. 

2* Identify the conditions that effect proper electrical operation. 

3. Determine the proper tools and materials to be used. 

RESOURCESi 

Foley, ElaetPical Wiring Fundamentals, pp* 230-242, 
Miller. Industrial Eleotrlcityp pp, 343-345* 

TEACfflNG ACTIVlTIESi 

1* Define "troubleshooting," 

2, Have the students read Electrical Wiring FundanientalB, pp. 230-242* 

3, Demonitrate the simple circuit problems using troubleshooting process. 

4, Invite a potential employer to discuss the importance of sound 
troubleshooting techniquei, 

5* Have the class work together on designing a troubleshooting chart, 

6* Demonstrate troubleshooting techniques used to locate an open or a short 

circuit in a typical bench circuit* 
7. Demonstrate the procedure for cheeking the voltage and polarity of a typical 

branch circuit. 

CRITERION REFERENCED MEASUREi 
Questions; 

Ip What type of tests are made to check connections for breaks in wiring? 

2, What are the two most common problems in electrical work? 

3, Define troubleshooting* 

4, When an outlet or device Is properly wired, it is said to have what? 
Answerss 

1* A continuity test 

2* Short circuits and open circuits 

3* The systematic diagnosis of malfunctions 

4* Cr rrect polarity* 
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PERFORMANCE OBJECTIVE V-TECS 60 (Continued) 



PRACTICAL APPLICATIONi 

Troubleshoot a defective fluorescent llfht fixture* Make the needed repairs to 
assure the proper operations* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checkliit Performance Objective 60 to determine if the assignment was 
completed with at least a 90 percent accuracy, 

PERFORMANCE GUIDEi 

1* Turn power off, if required, 

2. Locate the power source and the route of the circuit to be checked, 
3* Remove all cover plates, 
4* Check all eonnections, 

5, Check voltage with voltmeter at each outlet beginning at the service paneL 

6, Check each outlet for correct polarity, 

7, When short, open, or faulty circuit has been located, using ohmmeter, repair 
or replace the circuit. 

8, Replace all protective covers, 

9, Turn power on. 

10, Assure required operation. 



EKLC 



167 

163 



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 60 EVALUATIOK 
PERFORMANCE TEST FOR TROUBLESHOOTING 



Student's Name Date 

DIRECTIONS TO BTUDENTi Troubleshoot a defective fluorescent light fixture. 

Make needed repairs to assure proper operation. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to items to 

be evaluated. The student is to complete the task in a 
reasonable amount of time with a score of 90 percent 
for compatancy* 

ITEMS TO BE EVALUATED Satisfactory Unsatiafactory 

1* The student turned the power off, 

2. The student removed the fixture cover, ______ ___^__ 

3. The student turned the power on. _______ 

4. The student checked for proper lamp align- 
ment, 

5. The student visually checked wiring. ___^^^_ 

6» The student checked the lamp sockets* ^ 

7* The student replaced the lamps with new 

lamps. _____^__ __^___ 

8. The student checked for proper voltage* _ 

9* The student turned the power off* 

10* The student replaced the ballast with a 

new one. _^______ 

11* The student completed the task in a rea-' 

sonable amount of time* ^_^^_ 

12* The student followed safety procedures. 

APPROVEDi Yes No 

Evaluator's Signature — ^— Date — — 
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DUTYi OPERATING BUSINEffl 



PERFORMANCE OBJECTIVE V-TECS 61 

TASKs Develop employee work schedules* 

STANDARD OF PERFORMANCE OP TASKi The schedule must insure that all 
work will be finished by scheduled completion dates. 

SOURCE OF STANDARD; 
Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OP TASKs 

1* A list of employees (including a description of employee's competencies), 
2* Lists of Jobs to be accomplished (Including scheduled completion dates), 

ENABLING OBJECTIVE(S)j 

I* Identify and use materials and tools needed for the assignment. 

2. Identify technique of scheduling around assemblies and holidays. 

3. Interpret areas needing revisions to accomplish work as scheduled, 

RESOURCESi 

Weaver. Shop Organization and Managements pp. 81-^90* 

TEACHING ACTIVITIESs 

1. Instruct the student to read bulletins and Job sheet on the Job to be 
completed as used as the textbook Shops Organization and Managementp pp. 
81-90. 

2. Discuss the different methods of job assignments. 

3. Determine If the job requires shift work, 

4* Identify the type of personnel required for the assignment. 
5. Have the student practice working up a schedule. 

CRITERION REFERENCED MEASURE: 
Quest ionsi 

1* The student's knowledge of a particular taski 

a. Should be considered 

bp Makes no difference 

c# Helps when making assignment 

d. Both a and c. 
2* What items should be considered when planning a schedule? 

a. Personnel, equipmentj experiencej and time 

b. Personnel, experience and equipment 

c. Personnel, experience 

d. None of the above. 

3. Things that could interrupt a work schedule arei 
a. Customer 
b* Holidays 

c. Worker experience 

d. All of the above. 
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PERFORMANCE OBJECTIVE V-TECS 61 (Continued) 



Anawersi 

1. d 

2. a 

3. d 

PERFORMANCE GUIDEi 

1. Prioritize jobs to be accomplished. 

2* Assign employees to jobs consistent with their competencies* 
3* Assign employees to jobs according to priority, 

4. Assign employees to job aecording to time required to complete job, 

5. Schedule work around use of equipment and facilities* 

6. Schedule work around special occasionsi i,e,, holidays^ customer 
convenience, etc* 

7. Revise schedule to insure completion of work by scheduled date. 
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DUTYi OPERATING BCXSINESS 



PERFORMANCE OBJECTIVE V-TECS 62 

TASEi Develop/maintain filing system, 

STANDARD OF PERFORMANCE OF TASEi Any randomly selected document 
should be retrieved within one minute. 

SOURCE OF STA^DARDi 

Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* A requirement for a filing system 

2, Supplies 

3* Materials to be filed* 

ENABLING OBJECTIVE(§)s 

1* Use proper methods for setting up filing system, 

2* Read and interpret directives to establish a filing system. 

3* Recall the teohniques in setting up a filing system. 

RESOURCESi 

Weaver, Shop Organization and Managementi P* 134 

TEACHING ACTIVITIES! 

1. Instruct the Btudent to read sample directives^ establishing the local filing 
system, 

2. Discuss the different types of filing systems, 

3. Identify the different types of folders used to set up files, 

4. Demonstrate how the files are indexed. 

5. Have studente practice filing. 

6. Explain the reasons for maintaining a file. 

CRITBRION REFERENCED MEASURES 
Questlona: 

1. Why should test be filed? 
a* Security^ 

b. Convenient 

c. Reference 

d. All of ttie above* 

2. A file should be maintained on each^ 

a. Student 

b. Trainer 

c. Test 

d. Office bulletin. 

3. Where should official records be stored? 
a- Homeroom 

b. Guidance office 
o. Central office* 
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PERFORMANCE OBJECTIVE V-TECS 62 (Continued) 



Answcrsi 

1. d 

2. a 

3. Q 

PERFORMANCE GUIDES 

1, Analyze record keeping requirements. 

2, Scan data/materials for possible classifications/groupings* 

3* List logical methods of fillngj Ue,, alphabetical, numerical, geographical, 

chronological, or functional* 
4* Select appropriate system and subsystem if applicable* 
5. Write out plan. 

6* Sort and assemble data in accordance with system of method selected. 
7* Prepare folders, labelSj and index in accordance with method selected. 
£ the materials, 

9r Perform file maintenance as necessary. 
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DUTYs OPERATING BUSINESS 



PERFORMANCE OBJECTIVE V-TECS 63 



TASKs Establish and record pay scale and benefits for employees. 

STANDARD OF PERFORMANCE OF TASKi The developed pay scale and benefits 
must assure compatitive compensation for retention of qualified employees* 

SOURCE OF STANDARDi 

Tennessee Writlnf Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Access to employee wage^ hour^ and tax information. 

2. Potential benefits for wofkers. 

ENABLING OBJECTIVE{S)i 

!• Identify the terminology used with payroll deductions, 

2. Use proper procedures in figuring salary deductions. 

3m Read and interpret information given in sample district bulletins. 

RESOURCESi 

Richland School Distriat Two Employee Handbook, 1985-86, 

TEACHING ACTIVITIES: 

I. Instruct the student to read a sample employee handbook. 
2* Discuss incentive pay for the outstanding employee. 
3* Identify the basic pay scale. 

4» Demonstrate procedures used in determining salary deductions* 
5- Explain the company fringe benefit policy. 

CRITERION REFERENCED MEASURE: 
Questions: 

1. Gross salary includes earnings beforei 

a. Social security 

b. Federal tax 

e. State tax 
d. Retirement 
e* Annuity 

f. All of the above. 

2. Fringe benefits are _____ to gross earnings, 
a* in addition 

b. included 

c. voluntary 

d* none of the above, 

3. One standard deduction Is^ 

a. Insurance 

b. United fund 

c. Social security 
d* Car payment. 
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PERFORMANCE OBJECTIVE V-TECS 63 (Continued) 

Answers: 

1. f 

2. a 

3. c 

PERFORMANCE GUIDEi 

1, Establish wage incentives* 

2, Establish and record base pay* 
3* Establish fringe benefits* 

4* Establish and record dollar value of fringe benefits* 
5* Establish and record tax advantages of fringe benefits 




DUTYi OPERATING BUSINESS 



PERFORMANCE OBjECTIVE V-TECS 64 
TASKi Estimate cost of a job. 

STANDARD OF PERFORMANCE OF TASKi The estimate must include the cost 
of materials, cost of labor, overhead cost, and expected profit and must be within 
± 5% of that estimated by the architect or chief estimator. 

^URCE OF STANDARDS 

Tennessee Writing Team* 

CONDITIONS FOR PERFORMANCE OF TASKi 

I* The drawings and specifications of a specific installation 

2* All the necessary formSy sehedulass and current pricing information, 

ENABLING OBJECTIVE(S)i 

1. Determine proper forms used in estimating job cost* 

2, Read and interpret blueprints* 

3* Recall technique of figuring labor schedule. 

RESOURCES: 

Alerich- Electfloal Construction Wirlngj pp. 453-467, 

TEACHING ACTIVITIESi 

1* Instruct the student to read Eleotrlcal Conatructlon Wiring, pp, 453-^467, 

2, Discuss initial cost of material, labor and overhead, 

3* Determine the profit expected from the job. 

4* Demonstrate the procedures used completing the estimate forms* 

5, Have students practice estimate from a floor plan, 

6. Have students discuss why a proper estimate is important, 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1, List three proper pricing steps for determining an electrical estimate. 

2, How are labor units expressed? 

3* What is meant by the term price cost? 
a* Materials 
b* Labor 

c* Materials, labor, overhead^ and profit 
d. Materials and labor. 

Answers: 

1. Cost of materials 

2. Operation and time 

3. d 
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PERFORMANCE OBJECTIVE V-TECS 84 (Continued) 



PERFORMANCE GUIDEi 

1* Study all the drawings and specifications provided, 

2, Draw up a list of any or all of the following naededJ 

a. Branch circuit schedule 

b. Lighting fixture schedule 

e. Branch circuit materials schedule 

d. Service, feeder, and panel schedule 

e. Labor unit schedule* 

3, Transfer the above information to an estimating form Includlngi 

a. Unit cost of materials 

b. Material cost 

e. Unit labor and hours 
d* Labor cost, 

4, Add all materials and labor costs. 

5- When making an estimate for biddlngi 

a. Add overhead 

b. Add tax 

c. Add the expected profit 

d. Add any expense not listed above. 

6, Submit the estimate to the requesting authority. 
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DUTY: OPERATING BUSINESS 



PERFORMANCE OBJECTIVE V-TECS 65 
TASKi Terminate employee, 

CTANDARD OF PERFORMANCE OF TASKi The termination of an employee 
must be !n aGOordance with established labor practices and laws. The terminated 
employee must know the reason he/she Is disoharfed and have separation notice. 
Current work records without errors of the employee must be kept on file* 

SOURCE OF STANDARD: 
Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

A situation where termination of an employee is warranted, 

ENABLING OBJECTIVE(S): 

1* Interpret grievance procedures, 

2, Recall techniques of filing for grievance procedures, 
RESOURCESi 

AdkinSp Life SkiUB Pro-am ~ Keeping Mj Job: Habits That Help^ 

TEACHING ACTIVITIESi 

1, Instruct the student to read office policies and procedures for employee 
termination, 

2, Discuss with the employee reasons for termination. 

3* Identify the methods of recourse the employee may have. 

4, Demonstrate procedures for warning the employee, 

5, Have the student practice terminating a employee, 

6, Have the student discuss why proper procedures are Important* 

CRITERION REFERENCED MEASUREi 
Questions: 

1* Before the employee Is terminated all warnings should be: 

a. Oral 

b. Documented, 

2, An employee can be terminated fori 

a. Age 

b. Racej creed 

c. Insubordination 

d* Personality conflict, 

Answera: 

1* b 
2. c 
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PERFORMANCE OBJECTIVE V-TSCS 65 (Continued) 



PERFORMANCE GUIDE.- 



1. 


Document all warnings. 


2. 


M^et with the employee on a one^to^one basis. 


3* 


Diseuss the reason for the tepmination* 


4. 


Document the firing and file with employee records. 


5. 


Notify employee of actions by maih 


6* 


Complete necessary forms for locals state^ and federal agencies as required. 


7. 


File copy for your records. 


8. 


Notify bookkeeper so company records can be adjusted to show termination 




of employee. 


9. 


Give employee his severance pay. 




Mtti OPBRAUNG BUSN^ 



. NftVOBMANCB OBJECnVB V-TBCT U 
TASKi Hir# employee* 

STANOABD OF PSBVOKMANCB OF TA8K1 Hiring should be done In aeeortaniie 
with all governinf Imtor praetlom and laws^ Employ must be informed of lalaryp 
benef ItSf and Job deMriptlon« 

SOUKCE OF STANDAftm 

Tennessee Writlnf Team^ 

TONDmONS FOR FEKFOBMANCE OF TA8K1 
A situation where additional employeM are needed^ 

BNABUNO OBJBCnVBCSN 

U Fill out a Job a^lleation. 
2# Conduet an interview* 

RBflbUBCESt 

Hayden, Job Market. 

TBACIflNG AOnVRm 

U Instruet the student to read offioe proeedures, 

2* Identify the need for employment. 

3* Role play intervlewinf a pr^eotlve empli^ee^ 

4m Have student eheek sample referenees and work esc^rienee. 

5. Have student simulate notlfiaation of a^lleants about their standing, and 

thank them for their Interast in the eom^ny* 
S» pemonstrate proeedure for notifying the applieants that they have been 

seleeted. 

CRITBRION RBFBRBNCBD MBASURBs 
^IMtlOfW 

1. The lntefviewee*s should bm notified of their standing H'rue or Fnlse) 

2. The seleetee should be notlfiedi 
a» By telephone 

b. In Writing 

a# Keither (a) nor (b) 

d. Both (a) and (b). 

3* The interviewee should _____ for the interview* 
a* ehew gum 
b* bring a friend 

e, be on time 

d* talk eontinuously. 

Answ^m 

1. True 

2. d 

3. e 
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PERFORMANCE OBJECTIVE V-TECS 66 (Continued) 



PERFORMANCE GUIDE: 

1* Determine there is a need to hire an employee. 

2* Establish work qualif ieations needed to fill the Job. 

3. Advertise the open job. 

4. Accept applications and resumes for specified time. 

5. Evaluate applications* 

6. Schedule interviews, 

7* Interview selected applicants, 

8» FoUow-up on references and prior work experience* 
9. Select applicant to be hired* 
10* Notify applicant that he/she has been selected* 

11. Inform applicant of starting date, tlme^ and other pertinent information* 

12, Notify remaining applicants expressing gratitude for their interest in your 
company. Make them aware that their application will be held for future 
openings* 
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DUTYi OPERATING BUSINESS 



PERFORMANCE OBJECTIVE V-TECS 67 
TASKi Maintain time records* 

STANDARD OF PERFORMANCE OF TASKi The time records must be maintained 
without computational errors. 

SOURCE OF STANDARDS 
Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1. Time records 
2* Supplies 
3* Calculator, 

ENABLING OBJECTIVE{S)i 

1. Use proper records to be maintained, 

2. Interpret information to be recorded, 

3. Recall technique of time keeping. 

RESOURCES: 

Weaver, Shop Organization and Management » p, 122, 

TEACHING ACTIVITIESi 

1. Instruct the student to read sample offioe policy on time keeping, 
2* Discuss the different methods of maintaining time records, 

3. Identify the different types of time cardSj time sheets, etc, 

4, Demonstrate posting the time data on the time record, 

5t Have the student calculate a sample time for a pay period* 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1, Most companies pay once everyi 

a. Week 

b. Two weeks 
e. Month 

d. Day, 

2, Large companies use a tor time keeping, 

a* sign in sheet 

b, token system 

c, time clook 

d, supervisor, 

3, What is the advantage of keeping records for time spent on production? 

a. Scheduling 

b. Planning 

c. Neither (a) or (b) 
d* Both (a) and (b). 
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PERFORMANCE OBJECTIVE V-TECS 67 (Continued) 

Answers^ 
1* b 

2. c 

3. d 

PERFORMANCE GUIDEi 

1. Locate all time iheeti, cards, ete. 

2. Post data on permanent time iheets. 

3. Compute total time for pay period. 
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DUTYs OPERATING BUSINEM 



PERFORMANCE OBJECTIVE V-TECS 68 
TASKi Negotiate credit. 

STANDARD OF PERFORMANCE OF TASKi Interest rates and payment schedules 
must be analyzed from at least two sources* 

^URCE OF STANDARDi 

Tennessee Writinf Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
A need for credit, 

ENABLING OBJECTIVE{S): 

1. Define terms of credit. 

2. Use and interpret credit forms, 

RE^URCESs 

Alerich. Eleotrloal Conatruction Wirinf, pp. 453=467, 

TEACHING ACTIVITIESi 

1. Instruct the student to read loan agency^ policy and guide lines. 

2, Discuss the amount of credit needed and purpose of credit. 

3, Identify different types of credit available. 

4. Demonstrate procedures of completing application forms, 
5« Have student formulate personal references. 

CRITERION REFERENCED MEASURES 
Qtiastiotisi 

1. The loan officer conducting the interview Is proteetingi 



a. 


His money 


b. 


The agency 


c. 


Your company 


d. 


Both (b) and (c). 


Your 


references should be fromi 


a. 


Relatives 


b. 


Friends 


c. 


Acquaintances 


d. 


Business acquaintance. 


What 


is meant by prime cost? 


a. 


Materials 


b. 


Labor 


c. 


Materials and labor 


d. 


Materials, labor, plus overhead expenses. 



Answersi 

1. d 

2. d 

3. c 
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PERFORMANCE OBJECTIVE V-TECS 68 (Continued) 

PERFORIVIANCE GUIDEi 

1* Determine amount of credit needed. 

2, Make appointment with bank, loan afencyj etc. 

3* Assemble data to show that your CQmpany is a good credit risk, 

4* Meet with loan agancy and present your proposal to loan agency for credit 

with data to substantiate your request. 
5. Evaluate proposals* 
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DUTY: OPERATING BUSINE^ 



PERFORMANCE OBJECTIVE V-TECS 69 
TASK? Obtain insurance, 

STANDARD OF PERFORMANCE OF TABKi Insurance coveraie must not deviate 
from presoribed liabilities. 

SOURCE OF STANDARD! 
Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASK: 
!• The need for insurance 
2. A list of qualified agents 

ENABLING OBJECTIVE(S)i 

1, Determine the types of insurance* 
2« Interpret the insurance terminology. 

RESOURCES: 

Weaver, Shop Organization and Management. 

TEACHING ACTIVITIESi 

!• Instriict the student to read office policies on insurance requirements. 

2, Discuss the type and amount of insurance required. 
3* Identify the different policies offered. 

4. Have the student complete an insurance application. 

5. Discuss the advantage of liability insurance. 

CRITERION REFERENCED MEASUREi 
Questional 

1. As an electrician you would be required to have a. b. c. 

coverage. 

2. In addition to the above a* b. _____ c. coverage is 

offered in most cases. 

3* What are the advantages of reporting accidents in a formal written report? 

a. Legal support 

b. None 

c. Satisfy the boss 

d. Satisfy the student. 

Answers: 

1. Fire, theft and liability 

2* Hospitalizations life and dental 

3. a 
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PERFORMANCE OBJECm'iVE V-TECS 69 (Continued) 



PERFORMANCE GUIDBi 

1, Determine th^e typ^ of insurance coverage needed* E^^smplai flre^ theft, 
liabilltyj hospti talizationj lifts dental? etc, 

2, Contact two o^r more insurance agencies to prepare ppof^^^ms for you* 

3, Study and c^rteipare the different programs to detepmin^ the program which 
best suits youc™ needs. 

4, Obtain a legal opinion of the policies* 

5* Select the pfo^gram which best suits your need. 
6t Purchase the tL nsurance program* 
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DtT*MfiOPERATlKa G BUSINESS 

pB^ jormanCe Obejective V-TECS 70 

TASKi prep^i^e payroll records* 

STANDARD ttDF PERFORMANCE Op TaSKi Prepare s ^ayfoll without errors In 
entries (30 ^npu tat ions* 

SOURCE OF teTANDARDs 

Tennessee Wri^Sting Team, 

comditionS ; for performance of ^mt 

1. Withho^q fling tables 

2. Compi#t»zad time eards 

i ErnQlof^^^e earning records 
Pay^^Oll N-=-agister 

EKAjlING OBJEdtTIVE(S)i 

1' Identify m and use forma of a payroll r eoord. 

i Int^i'pr^t^ techniques for maintainlTigpiyroll records. 

ftBSoilRCES- 

803s* Aaooa^^tt^ing, pp. 440-452. 

TBACIIING ACTi/l^lESs 

L Have tP^^ student read office policieion maintaining payroll. 

i Dlgcui^ t:^he deductions* 

3i Det^rifi^fr^ie the social securfty to withheld, 

4 Have tP^ ^ student compute taxes anj retirement. 

i Have tP^ m student prepare the pay Vouohsr. 

i Have %t^^ s student prepare the che^^k ihowing all withh^Qldings. 

CBlWlilON RBPgJll -ENCED MEASUREi 
Question^: 

1. List th& t3 mandatory deductions froni the pay check. 

a* 

b» 

c* 

% FICA a^^lM state tax are voluntary dedyetions in most states* (True or False) 
3i The imPlB^oyee may select direct payments fort 

a, U^^XMJsm payment 

b, C^^T payment 
c» AJitt mony 

d* C^fesdit union. 

Aiiswefsi 

L FICA^ f^&deral and state tax 
2* False 

3. d 
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PERFORMANCE OBJEC'^IVE V=TECS 70 (Continuod) 



PERFORMANCE GUIDBi 

1* Match time ca_rds with employee esf*nin|reGord* 

2. Compute gross pay, 

3. Determine w'tftholding from federal tgKtables. 

4, Compute PlC^^^ withholding, 

5, Compute otheK* withholding or adjuftrtients. 

6, Compute net ^^ay. 

7. Prove register.-^ 

8. Enter data Qf\ -employee earning recOMind register* 

9, Prepare check in amount of net Pay* 
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DUTY: OPERATING BUSINESS 



PERFORMANCE OBJECTIVE V-TECS 71 



TASKS Take inventory of materials and tools, 

STANDARD OF PERFORMANCE OF TASKi Inventory must eontain all materials 
in stock by quantity and description of like items, 

SOURCE OF STANDARDi 
Tennessee Writing Team* 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, A supply room or any area containing quantities of equipment 

2, Materials 

3, Supplies, 

ENABLING OBJECTIVE(S)s 

1, Define the terminology of tools and equipment, 

2, Read and interpret information given on instruction aheets, 

3, Recall techniques of storing tools* 

RESOURCESi 

Weaver, Shop Orgamization and Management, pp, 

TEACHING ACTIVITIESi 

1, Instruct the student to read office procedures on Inventory, 

2, Discuss the different methods maintaining an inventopy. 

3, Identify the different ways to display tools and equipmint. 

4, Demonstrate procedures used in documenting inventory. 

5, Have student practice locating identification tagi on equipment, 

CRITERION REFERENCED MEASURE: 
Quastionai 

1, How could errors be avoided when checking in tools and materials? 

a. Use token 

b. Use sign-in-out sheet 

c. Neither (a) nor (b) 

d. Either (a) or (b), 

2* Give advantage or disadvantage _ _ of per'petual 

inventory. 

3. Tools should be marked to prevents 

a. Theft 

b. Damage 

c. Loaning, 

Anawersi 

1, d 

2, Less loss, time eonsumlng 

3, a 
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PERFOBMi^NCE OBJEC^rVE V-TECS 71 (Continued) 



PERFORMjiNCE GUIDEte 

1» Sort and sepafcs'ate the pieces of equipment, 
2^ Sort and sepafcr-ate the materials, 

3, Sort and sepa^^ate the supplies, 

4, Count and ffe^cord the number of each item of equipment, materlalSs and 
iupplies* 

5, Recount the r^umber of each item comparing the second eount to the record 
made of the f 3rst, 



ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 72 

TASKi Rough In 120 or 240 volt cipcuits to distribution panel using nonmetallio 
shsathed cable (N.M*C*). 

STANpARD OF PERFORMANCE OF TASK: Cable(s) must be Installed with 
iuffioient length to reaeh the point of eonnectlon* Cable(s) must enter panel 
through approved conneotors. Circuits must be identified as to voltage or load 
served. The elrcuits must meet the requirements as outlined by the National 
Eleetricai Code (Article 336-5, 336-10) and the local authority hsLVing jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Eleetrloal Code* pp, 185-186, 

CONDITIONS FOR PERFORMANCE OF TASK: 

1. The basic tool kit 

2. Installation/electrical materials* 

ENABLING OBjECTIVE(S): 

1. Read and interpret the National Electrical Code. 

2. Read and interpret local Code requirements. 

RESOURCESi 

Colvin. ElectFieal Wiring, pp. 62-65* 

TEACHING ACTIVlTIESi 

1. Describe the differences in the various distribution panels using a typical 
panel as an example* 

2. Demonstrate the procedure for installing the cable connectors using a typical 
panel as an example. 

3. Explain the procedure for determining the proper eable length inside the 
panel* 

4» EKplain the identification of the branch circuits using marking tape and/or 
panel chart, 

5, Have the students install several cables In a typical panel using cable 
connectors* 

CRITERION REFERENCED MEASUREi 
Questional 

1- To facilitate ease of maintenance, at lea^t ____ inches of free wire 
should be protruding from any electrical box. 
a. 4 
b* 6 
c* 8 
d* 10 
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PERFORMANCE OBJECTIVE V-TECS 72 (Continued) 



2, Bends in nonmetallic sheathed cable should not exceed times the 
diameter of the cable. 

a, 3 

b. 4 
e. 5 
d* 6 

3, When installinf nonmetallic cable In a box with clamps, you should leave 
inch of cable sheathinf exposed past the clamp In the box. 

a. 1/4 

b. 1/2 

c. 1/4 - 1/2 

d. 1 

Answefi: 
!• b 
2, c 
3* c 

PERFORMANCE GUIDE: 

1, Locate installation point, 

2. Remove proper size knockout from distribution panel. 
3* Attach a nonmetallic connector to distribution paneL 

4, Pull cable from the outside of distribution panel throufh the cable connector 
to opposite side of paneU 

5* Tighten clamp on cable. Be careful not to damage insulation, 
6. Identify circuits as to load served. 
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DUTYi ROUGHING IN FEEDERS, BRANCH CiaCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTr/E V-TECS 73 

TASK: Rough in armored cable to outlet box. 

STANDARD OF PERFORMANCE OF TASK: Exposed cable must be supported at 
intervals not exceeding 4 1 feet and must be supported within 12 inches of box or 
fitting. Insulating bushing must be visibie after initallation* The cable must meet 
the requirements as outlined by the National Electrical Code (Article 333) and the 
local authority having jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Eleetrieal C^e, pp. 179-181. 

CONDITIONS FOR PERFORMANCE OF TASK: 

1. The basic tool kit 

2. Installatjon/eleotrical materials. 

ENABLING OBJECTIVE(S)s 

1* Read and interpret the National Electrical Code* 
2. Read and interpret local Code requirements. 

RBSOURCES: 

Richter. Praotieal Eleetrieal Wiring, pp* 184-^189. 
MuUin. BleetFieal Wiring, Residential, pp. 32*35. 

TEACHING ACTIVITIESi 

1. Explain the various uses for armored cable. 

2. Demonstrate the procedure for cutting the metal covering from the armored 
cable. 

3. Demonstrate the procedure for Installing the armored cable to the outlet box 
using the various connectors available. 

4. Explain the importance of installing the insulating bushing at the end of the 
metal covering. 

5. Have the students install an armored cable to an outlet box using typical 
connectors* 

CRITERION REFERENCED MEASURE: 
Quest ionsi 

1. Armored cable may be bent to a radius of not less than times the 

diameter of the cable. 

a. 5 

b. 6 

c. 8 

d. 10 
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PERFORMANCE OBJECTIVE V-TECS 73 (Continued) 

2. To protect the wire insulation from damage by the cut ends of the armor, 
you should: 



a. 


Insert a fiber bushing between the armor and wires 


b. 


File the cut armor ends smooth 




Be sure the filler paper protects the wires 




Use electrical tape to cover the wires. 


The armor can be cut from the armored cable using ai 


a« 


Hacksaw 


b. 


BX cutter 


c. 


Pair of lineman pliers 


d. 


Either (a) or (b). 



Anawersi 

1. d 

2. a 

3. d 

PRACTICAL APPLICATIONi 

Install armored cable to an outlet box using two conductor cable and a standard 
armored cable connector, 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist for Performance Objective No, 73 to determine if the assignment 
was completed with at least 80 percent accuracy. 

PERFORMANCE GUIDEi 

1. Remove proper size knockout from outlet box, 

2* Remove iix inches of armor from cable end. 

3. Attach armored cable connector to outlet box* 

4* Install insulating bushing* 

5, Feed wire through cable connector until cable bottoms out in connector* 

6, Tighten connector on armored cable. 
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CHECKLIST FOat PMkr v» r, «jC't* JBJECTIVE V-TECS 73 
PRACTICAL EVALUATION fm. IMSTAf JNd ARMORED CABLE TO AN OUTLET 



Student's Name Date 

DIRECTIONS TO STUDENT: Rm^ n armored eable to an outlet box using an 

gr-fTir- eti ^able Gonrttctor* 

DIRECTIONS TO EVALUAT^K: 0^>serv^ the student. Pay close attention to the items 

© sevaluated. Be sure the task is completed within 
H ri^iia^onable time as would be required on the job with 
SO percent profieieney leveh 



ITEMS TO BE EVALUATED Satisfactory Unsatisfactory 



1* Armor was cut correctly using a hacksaw or 
BX cutter. 



2- Fiber antishort bushing was properly placed. 



3. Armored cable connector was securely installed 
on cable. 



4, Knockout in outlet box was properly removed. 



5* Cable connector was securely Installed in 
knockout opening. 



6. Locknut was tightened so the teeth bite 
into the metal box. 



7, At least six inches of free wire was left 
in the outlet box. 



8* Armored cable was secured within twelve 
inches of the outlet box* 



9. Work area was cleaned. 



APPROVEDi Yes No 



Evaiuator's Signature Date 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 74 

TASKi Rough in cable between an existing box and newly installed box. 

STANDARD OF PERFORMANCE OP TASK: Cable must be of sufficient ampaalty 
to serve the connected load and must be suitable for the location. Interior wall 
finish must not be damaged. The cable must meet the requirements as outlined by 
the National Electrical Code (Article 300, Part A) and the local authority having 
Jurisdiction, 

SOURCE OF STANDAHDi 

Tennessee Writing Team. 

National EleotHcal Code, pp. 113-122, 

CONDmONS FOR PERFORMANCE OF TASKi 

1, Power 'iource 

2, Prt^viously roughed in wiring 

3. Th^i basic tool kit 

4. Installation/electrical materials, 

ENABLING OBJECTIVE(S)s 

1, Read and interpret residential blueprints. 

2* Read and interpret the National Electrical Code. 
3. Read and interpret local Code requirements. 

RESOURCESi 

Richter, Praotlaal Electrical Wiring, Chapter 22, 
Alerich* Eleetrioal Construction Wiring, Chapter 15. 

TEACHING ACTIVITIESi 

I* Describe the various building construction methods which may be 
encountered in roughing in the eable^ 

2, EKplain the procedure for determining the cable routing path. 

3, Demonstrate the procedure for routing the cable through the existing wall* 

4, Demonstrate the procedure for connecting the cable to the outlet boxes 
using a typical outlet box and cable. 

5, Demonstrate the procedure for installing the new outlet box in the existing 
wall without damage to the wall finish. 

6, Have the students rough In the cable in a typical wall structure to a new 
outlet box. 

CRITERION REFERENCED MEASURE: 
Quest ionsi 

!• The mounting ears on the ends of an outlet box are adjustable to allow fors 
a* Space to work around box 
b. Use in soft wall material 
c* Ease of installation 
d* Various thickness of walls. 



PERFORMANCE OBJECTIVE V-TECS 74 (Continued) 

2, Cable clamps ai*e not necessary in outlet boxes If the cable can be supported 
within inches of the box* 

a. 6 

b. 8 

c. 10 

d. 12 

3. When pulling type NM cable, the Code states that no bend shall have a radius 
less than - times the diameter of the cable. 

a. 3 

b. 4 

c. 5 
d* 6 

Answers^ 

1, d 

2, b 

3, c 

PRACTICAL APPLICATIONS 

Rough !n a nonmetallic sheathed cable between an existing outlet box and a newly 
installed outlet box, 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist for Performance Objective No. 74 to determine if the assignment 
was completed with at least 80 percent proficiency* 

PERFORMANCE GUIDEi 

1, Turn power off. 

2, Determine that power m off by checking conductor(s) at the point of 
connection(i) with voltage test^rj 

3, Determine route for the cable to trftveh 

4, Bore holes for cable as needed, 

5, Remove knockout from both boxes. 
6* Run cable* 

a* If armored cables fasten cable to boxes with appropriate connector and 

Install insulated bushing, 
b* If nonmetallic cable, run cable into boxes and fasten cable to structure* 

Be sure to leave approximately six Inches of free standing wire in each 

box. 

7* Turn power on. 

8* Assure required operation* 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 74 

PRACTICAL EVALUATION FOR ROUGHING IN TYPE NM CABLE TO EXTEND A 

CIRCUIT 



Studenit's Name Date 

DIRECTIONS TO STUDENT; Rough in the NM cable from an existing outlet box to 

a newly installed box in old work* 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job with 
an 80 percent proficiency level. 



ITEMS TO BE EVALUATED Satisfaetory Unaatisfactory 

1. The student turned off power, _______ 

2. The student properly routed the cable, ^_____ 

3* The student properly supported the cable. 

4p The student installed the connectors. 

5, The student left six inches of free wire 

in each box, 

6, The student left 1/4 to 1/2 inch of outer 

sheathing in each box. ^_____ 

7, The student checked for proper operation, ^_^^_^^^^_ 

8, The student cleaned the work area. __»»^_^^_ 

APPROVED: Yes No 

Evaluatof *i Signature " Date 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 75 

TASKf Rough in cable or eonduit for branch circuits. 

STANDARD OF PERFORMANCE OF TASKi The installation must be completed 
without damaflng the interior finish. Cable or conduit must be of correct size for 
the load to be served* Cable or conduit must extend from power source to the 
outlet box of the load served and must terminate in approved fittings. The branch 
circuits must meet the requirements as outlined by the National Electrical Code 
(Article 300, part A* and Article 250) and the local authority having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Electrical Code, pp. 83-110, 113-122* 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* The basic tool kit 

2, Installation/electrical materialSi 

ENABLING OBJECTIVE(S)i 

1* Read and interpret residential blueprints* 

2. Read and Interpret the National Electrical Code, 

3* Read and Interpret local Code requirements* 

RESOURCESi 

Colvin* Eieotrioal Wiflngp pp. 151-156* 

Richter* Practfeal Eleotrfcal Wiring, pp. 164-180, 

TEACHING ACTIVITIESs 

1. Explain the proc«dure for determining the correct size of conduit for the 
installation, 

2. Describe the various types of conduit and connectors using examples of each* 

3. Demonstrate the procedure for preparing the conduit for installation* 

4. Demonstrate the procedure for supporting the conduit using the various 
means avanable* 

5. Demonstrate the roughing in of the conduit using a typical wall structure and 
materials* 

6. Demonstrate the procedure for pulling the conductors in the conduit* 

7. Have the students install a branch circuit using conduit and individual 
conductors* 

CRITERION REFERENCED MEASURES 
Queitionsi 

1. A run^f conduit must not contain more than the equivalent o(% 

a. Four quarter bends per tan feet of conduiti 

b. Two quarter bends per ten feet of conduiti 

e* Two quarter bends per two sections of conduiti 
d* Four quarter bends totaling 360 degrees. 




PERFORMANCE OBJECTIVE V-TECS 75 (Continued) 



2* EMT conduit must be supported within feet of each outlet box and at 

least evety feet thereafter. 

a. 1, 10 

b. 2, 6 
e, 3, 10 
d, 3, 6 

3, EMT shall NOT be ua^di 

a. Where It will be subject to severe physical damagei 

b. Where protected from corrosion solely by enameli 

C» In cinder concrete or cinder fill where subject to moisturei 
d. All of the above. 

Anawersi 

1, d 

2. c 

3. d 

PRACTICAL APPLICATION! 

Install the conduit and conductors for a branch circuit from power source to the 
outlet box. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performanoe Objective No, 75 to determine if the 
assignment was completed with at least 80 percent proficiency. 

PERFORMANCE GUIDEi 

1, Determine the location for installing the cable or conduitp 

2, Remove knockout or provide opening for boxes* 
3* Install cable connector or conduit connector. 

4, Pull cable for circuit or run conduit for circuit. 
5« If conduSt, pull conductors through conduit* 

6. If metallic conduit^ Install insulated bushing. 

7. Attach cables or raceway to structure as required. 



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 75 



PRACTICAL EVALUATION FOR ROUGHING IN CONDUIT AND CONDUCTORS 

FOR BRANCH CIRCUITS 



Student*! Name Date 

DIRECTIONS TO STUDENTi Rough in the conduit and conductors for a branch 

circuit from the power source to the outlet box using 
EMT, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job at 
an 80 percent proficiency leveU 



ITEMS TO BE EVALUATED Satiifaetory Unsatisfactory 



1. The student selected the correct size 
conduit. 



2, The student routed the conduit properly* 



3. The student Instalied the connectors pro-- 
perly. 



4. The student pulled the required conductors 
into the conduit* 



5, The student supported the conduit per 
Code requirements. 



6- The student left at least six inches of 
free wire. 



7, The student cleaned the work area. 



APPROVED: Yes ^ No 



Evaluator's Signature Date 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLESp AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 76 

TASKi Roufh in the circuit for a device controlled by two three way switches 
with feed to the switch box, 

STANDARD OF PERFORMANCE OF TASKi The cable must be installed In the 
most direct path. Power source must terminate at one of the switch outlets. 
There must be sufficient conductors In each box for the circuit to function. The 
circuit must meet the requirements as outilned by the National Electrical Code 
(Article 300, Part A) and the local authority havlnf jurisdiction* 

SOURCE OF STANDARD! 

Tenneisee Writing Team, 

National ElactHoal Codej pp* 11.^-122, 

ENABLING OBJECTIVE{S)i 

1* Read and interpret the National Electrical Code, 
2. Read and Interpret local Code requirements. 

RESOURCESs 

Colvin, ElectHcal Wiring, pp, 55^67, 
Rockls, Residential Wiring, pp* 79^94, 

TEACHING ACTIVITIESi 

1. Explain the procedure for determining the cable size of sufficient ampacity 
for the load, 

2, Describe the various types of nonmetallic cable to be usei In three way 
switch circuits, 

3i Demonstrate the routing and seeuring of the cable using a typical wall 

structure and nonmetallic cable, 
4* Demonstrate the procedure for securing the cable to the outlet boxes using 

the various types of connectors avaiiable, 

5. Demonstrate the procedure for stripping the outer covering from the cable in 
the outlet box. 

6, Have the students install a three way switch circuit using nonmetallic cable, 

CRITERION REFERENCED MEASUREi 
Questional 

!• Type NM cable must be secured within inches of the outlet box and at 

Intervals of not more than feet, 

a, 8j 2 

b. 10, 2 
a- 12, 3 
d. 12, 4* 
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PERFORMANCE OBJECTrVE V-TECS 76 (Continued) 



2, Bends made In nonmetallie cable shall have a radius less than ___ times 
the diameter of the cable, 

a, four 

b. five 

C. SIX 

d, seven 

3* To faoilitate east of maintenanee, at least ___ inehes of free wire should 
be left inside each outlet box. 
a* four 
b* five 

e. six 

d* seven 

Answers; 

1. d 

2. b 

PRACTICAL APPLICATIONi 

Rough in the nonmetallie sheathed eable to a three way switch circuit with the 
source at the switch outlet box. 

METHOD OP EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 76 to determine if the assignment 
was completed with at least 80 percent proficiency. 

PERFORMANCE GUIDEi 

1* Locate previously installed boxes. 

2. Run a two wire cable of proper size to the device being controlled from the 

remaining iwitch box* 
3- Strip at least iix inches of outer jacket from each cable, 

4. Attach cable in outlet boxes using approved connectors. 

5. Attach cable to building structure at required intervals. 

6. Fold conductors back into box. 



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 76 
PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY SWITCH CIRCUIT 



Student'i Hame Date 

DIRECTIONS TO STUDENT: Rough in a three way switch circuit using Type NM 

cable with power source at one of the switch outlets* 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job at 
an 80 percent proficiency level, 

ITEMS TO BE EVALUATED Satisf aetory Unaatlsfactory 

1, The student routed the cable in the most 

direct path. 



The student secured the cable at proper 
intervals. 

The student secured the cable to the 
outlet box using approved connectors. 

The student removed sufficient uuter 
covering at each outlet box* 

The student installed enough conductors 
in each box for circuit to operate. 

The student cleaned up the work area, 

APPROVEDi Yes No 



Evaluator's Signature Date 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 77 

TASKi Rough in the circuit for a device controlled by tw three way switches 
with feed to the device outlet box. 

STANDARD OF PERFORMANCE OF TASKi The cable must be installed In the 
most direct pat^ ^ Power source must terminate at the device outlet box. There 
must be sufficient conductors in each box for the circuit to function* The circuit 
must meet the requirements as outlined by the National Electrical Code (Article 
300j Part A) and the local authority having jurisdiction, 

SOURCE OF STANDARDi 

Tennessee Writinff Team. 

National Kleetrlaal Codmf pp. 113-122, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. The basic tool kit 

2* Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1, Read and interpret the National Electrical Code* 

2. Read and interpret local Code requirements. 

RESOURCES; 

Colvin* Electrical Wiring, pp. 55-67, 
RockiSp Residential Wiring, pp, 79-94, 

TEACHING ACTIVITIES^ 

1. Explain the procedure for determining the cable size of sufficient size for 
the load, 

2* Describe the various types of nonmetallic cable to be used In three way 
switch circuits* 

3* Demonstrate the routing and securing of the cable using a typical wall 

structure and type NM cable. 
4* Demonstrate the procedure for securing the cable to the outlet boxes using 

the various types of connectors available* 

5, Demonstrate the procedure for stripping the outer covering from the cable in 
the outlet box* 

6. Have the students install a three way switch circuit using Type NM cable. 

CRITERION REFERENCED MEASURE^ 
Questions: 

1. Type NM cable must be secured within ^ inches of the outlet box and 

at Intervals of not more than feet* 

a. 8j 2 

b. 10, 2 
c* 12, 3 
d, 12,4* 
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PERFORMANCE OBJECTIVE V^TECS 77 (Continued) 



2, Bends made in Type NM cable shall have a radius less than times the 

diameter of the cable. 

a, four 

b. five 
six 

d. seven 

3. To facilitate ease of maintenance, at least ____ inches of free wire should 
be left inside each outlet box. 

a* four 

b. five 

c. six 

d. seven 

Answers: 

1. d 

2. b 

3. c 

PRACTICAL APPLICATIONi 

Rough In type NM cable to a three way switch circuit with the source at the load 
device box. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 77 to determine if the assignment 
was completed with at least 80 percent proficiency, 

PERFORMANCE GUIDEs 

1. Locate previously installed boxes* 

2* Run feeder cable of proper sl^e Into the device outlet box. 
3* Run a three wire cable of proper size from one switch box to the device 
outlet box. 

4* Run a three wire cable of proper size from the other switch box to the 

device outlet box. 
5* Strip at least six inches of outer jacket from each cable* 
6* Attach cable in outlet boxes using approved connectors* 

7. Attach cable to building structure at required intervals. 

8. Fold conductors back into box* 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 77 
PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY SWITCH CIRCUIT 



Student's Name Date 

DIRECTIONS TO STUDENT^ Rough in a three way switch circuit using Type NM 

cable with the power source at the load device box. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job at 
an 80 percent proficiency leveL 



ITEMS TO BE EVALUATED Satisfactory Unsatiafactory 



1. The student routed the cable in the most 
direct path. 

2. The student secured the cable at proper 
intervals* 

3. The student secured the cable to the out- 
let box using approved connectors. 

4. The student removed enough outer covering 
at each outlet box. 

5* The student installed enough conductors 
in each box for circuit to operate. 

6. The student cleaned up the work area. 

APPROVEDi Yes No 



Evaluator's Signature Date 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 
PERFORMANCE OBJECTIVE V'TECB 78 

TASKi Rough in the circuit for a device controlled by two three way switches and 
one four way switch (with feed to a three way switch). 

STANDARD OF PERFORMANCE OF TASKi The cable must be installed in the 
most direct path. Power source must terminate at the three way switch. There 
must be sufficient conductors in each box for the circuit to function. The circuit 
must meet the requirements as outlined by the National Electrical Code (Article 
300, Part A) and the local authority having jurisdiction. 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Eleetrieal Code, pp, 113-122. 

CONDITIONS FOR PERFORMANCE OF TASKt 

1. The basic tool kit 

2. Installation/electrical materials. 

ENABLING OBJECTIVE(S): 

1. Read and interpret the National Electrical Code, 
2* Read and interpret local Code requirements. 

RESOURCESi 

Colvin* Electrleal Wirings pp, 55-67. 
Rockis, Residential Wiring, pp. 79-94, 

TEACHING ACTIVITIESj 

1* Explain the procedure for determining the correct cable size for the load. 
2* Describe the different types of nonmetallic cable to be used in three way and 
four way switch circuits, 

3. Demonstrate the routing and securing of the cable using a typical wall 
structure and type NM cable, 

4. Demonstrate the procedure for securing the cable to the outlet boxes using 
the different connectors available, 

5. Demonstrate the procedure for stripping the outer covering from the cable in 
the outlet box. 

6. Have the students install a three way and four way switch circuit usinff tvoe 
NM cable. ^ - - 



CRITERION REFERENCED MEASURE^ 
Questions: 

h Type NM cable must be secured within 
intervals of not more than feet. 

a, 8* 2 

b. 10, 2 

c, 12, 3 

d. 12, 4# 



inches of the outlet box and at 
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PERFORMANCE OBJECTIVE V-TECS 78 (Continued) 



2. Bends made in type NM cable shall have a radius less than times the 

diameter of the cable, 

a* four 

b, five 

c, six 

d, seven 

3, To faeilitate ease of maintenance^ at least inches of free wire should 
be left Inside each outlet box, 

a* four 

b, five 

c, six 

d, seven 

PRACTICAL APPLICATIONi 

Rough in type NM cable for a three way and four way switch circuit with the 
source at one of the three way switches* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 78 to determine if the assignment 
was completed with at least 80 percent proficiency. 

PERFORMANCE GUIDEi 

1* Locate previously installed boxes* 

2* Run feed or cable of proper size to one of the three way switch boxes. 

3, Run a three wire cable from the feed switch box to the four way switch box* 

4, Run a three wire cable from the four way switch box to the remaining three 
way switch box* 

5* Run a two wire cable from the three way switch box in step 4 to the device 
being controlled, 

6, Strip at least six inches of outer jacket from each cable* 

7. Attach cable in outlet boxes using approved connectors* 
8* Attach cable to building structure at required intervals* 
9, Fold conductors back into box* 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 78 



PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY AND FOUR WAY 

SWITCH CIRCUIT 



Stud€nt*s Name Date 

DIRECTIONS TO STUDENT? Rough in a three way and four way switch circuit 

using type NM cable with the power source at one of 
the three way switches, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job at 
an 80 percent proficiency level* 



ITEMS TO BE EVALUATED Satisfactonr Unsatisfactory 



1, The student routed the cable in the most 
direct path. 



2, The student secured the cable at proper 
intervals. 



3, The student secured the cable to the out^ 
let box using approved connectors. 



4* The student removed enough outer covering 
at each outlet box. 



5. The student Installed enough conductors 
in each box for circuit to operate. 



6. The student cleaned up the work area. 



APPROVED; Yes No 



Evaluatop's Signature Date 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 79 

TASKt Rough in the circuit for a device controlled by two three way switches and 
one fo\ir way switch with feed to the device* 

STANDARD OF PERFORMANCE OF TASKi The cable must be installed In the 
most direct path. Power source must terminate at the device outlet box* There 
must be sufficient conductors in each box for the circuit to function. The circuit 
must meet the requirements as outlined by the National Electrical Code (Article 
300, Part A) and the local authority having jurisdiction* 

SOURCE OF STANDARDS 

Tennessee Writing Team, 

National Eleetrieal Code, pp, 113-122, 

CONDITIONS FOR PERFORMANCE OF TASKs 

1* The basic tool kit 

2* fnstallation/eiectrical materials* 

ENABLING OBJECTIVE(S)s 

1* Read and interpret the National Electrical Code. 
2. Read and interpret local Code requirements. 

RESOURCES! 

Coivln* Eleotrioal Wiring, pp, 55-67, 
Rockls, Residential Wiring, pp, 79-94. 

TEACHING ACTIVITIES: 

1, Explain the procedure for determining the size of cable for the load. 

2, Describe the different types of nonmetallic cable to be used In three way and 
four way switch circuits. 

3* Demonstrate the routing and securing of the cable using a typical wall 

structure and type NM cable. 
4* Demonstrate the procedure for securing the cable to the outlet boxes using 

the different types of connectors available* 
5* Demonstrate the procedure for stripping the outer jacket from the cable. 
6, Have the students install a three way and four way switch circuit using type 

NM cable, 

CRITERION REFERENCED MEASUREi 
Questfonsi 

!• Type NM cable must be secured within inches of the outlet box and at 

intervals of not more than feet* 

a, 8, 2 

b, 10, 2 

c, 12, 3 
d* 12, 4f 
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PERFORMANCE OBJECTIVE V-TECS 79 (Continued) 

2. Bends made in type NM cable shall have a radius less than times the 

diametep of the cable. 

a* four 
five 
G* six 
d* seven 

3, To faeliitate ease of maintenance, at least inches of free wire should 

be left Inside each outlet box. 

a* four 

b. five 

c. six 



Answersi 
U d 

2. b 

3. e 



PRACTICAL APPLICATIONi 

Rough In type NM cable to a three way and four way switch circuit with the feed 
at the load device box. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for V-TECS Guide 79 to determine if the assignment was 
completed with at least 80 percent accuracy, 

PERFORMANCE GUIDE: 

1* Locate previously installed boxes* 

2* Run feeder cable into the device outlet box, 

3, Run a two-wire cable of proper size from device outlet box to one of the 
three way switches* 

4. Run a three wire cable of proper size from one three way switch box to four 
way switch box* 

5* Run a three wire cable of proper size from four way switch box to other 

three way switch box, 
6, Strip at least six Inches of outer jacket from each cable* 
7* Attach cable in outlet boxes using approved connectors, 
8* Attach cable to building structure at required intervals* 
9* Fold conductors back into box* 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 79 



PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY AND FOUR WAY 

SWITCH CIRCUIT 



Student*s Name 



DIRECTIONS TO STUDSNTi 



Date 



Rough in a three way and four way switch circuit with 
the power source at the load deviGe box. 



DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated* Be sure the task is completed within 
a reasonable time as would be required on the job with 
an 80 percent proficiency* 



6* 
7* 



ITEMS TO BE EVALUATED 



The student routed the cable in the most 
direct path* 

The student installed correct cables fcr 
the circuit to operate* 

The student left at least six inches of 
free wire at each cable end* 

The student secured the cable to the boxes 
using proper connectors. 

The student secured the cable at proper 
intervals* 

The student cleaned up the work area. 
The student followed all safety procedures* 
APPROVED: Yes No 



Satisfactory Unsatisfactory 



Evaiuator's Signature 



Date 
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DUTY; ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 80 

TASEs Rough in tha circuit for a device controlled by two three way switches and 
two four way swjtches with feed to a three way switch, 

STANDARD OF PERFORMANCE OF TASKi The cable must be installed in the 
most direct path. There must be sufficient conductors in each box for the circuit 
to function. The circuit must meet the requirements as outlined by the National 
Eleetrieal Code (Article 300, Part A) and the local authority having jurisdiction. 

SOURCE OF STANDARD; 

Tennessee Writing Team. 

National Eleetrieal Code, pp. 113-122, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. The basic tool kit 

2. Installetion/electrical materials. 

ENABLING OBJECTIVE(S): 

1, Read and interpret the National Electrical Code. 

2. Read and interpret local Code requirements* 

RESOURCESi 

Colvln, Eleotrical Wirinf, pp, 55-67. 
Rockis, Residential Wiring, pp, 79-94, 

TEACHING ACTIVITIESi 

1. Explain the procedure for determining the size of cable for the load. 

2. Describe the different types of nonmetallic cable to be used in three way and 
four way switch circuits* 

3. Demonstrate the routing and securing of the cable using a typical wall 
structure and type NM cable. 

4* Demonstrate the procedure for securing the cable to the outlet boxes using 
the different types of connectors available. 

5, Demonstrate the procedure for stripping the outer jacket from the cable. 

6. Have the students install a three way and four way switch circuit using type 
NM cable. 

CRITERION REFERENCED MEASURE: 
Quest lonsi 

1* Type NM cable must be secured within inches of the outlet box and at 

intervals of not more than feet, 
a, 8, 2 
b* 10, 2 
c* 12, 3 
d. 12, 44 



PERFORMANCE OBJECTIVE V-TECS 80 (Continued) 



2* Bends made in type NM cable shall have a radius less than times the 

diameter of the cable, 
a, four 
b* five 

six 

d, seven 

3* To faeilltate ease of maintenance, at least inches of free wire should 

be left inside each outlet box* 

a. four 

b. five 

c. six 

d. seven 

Answers! 

1. d 

2. b 

3. c 

PRACTICAL APPLICATIONi 

Rough in type NM cable to a switch circuit using two three way switches and two 
four way switches to control a load device with the feed at a thre^ way switch* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for V-TECS Guide 80 to determine if the assignment was 
completed with at least 80 percent accuracy* 

PERB'ORM ANCE GUIDE: 



L 


Locate previously installed boxes* 




2* 


Run feeder cable into three way switch box* 




3* 


Run three wire cable of proper size from three way switeh box to four 


way 




switch box. 


4. 


Run three wire cable of proper size from the first four way switch to 
second four way switch box. 


the 


5, 


Run three wire cable of proper size from second four way switch box to 
second three way switch box. 


the 


6. 


Run two wire cable of proper size from device to the second three 


way 




switch box. 


7, 


Strip at least six inches of outer jacket from each cable. 




8. 


Attach cable in outlet boxes using approved connectors. 




9. 


Attach cable to building structure at required intervals* 




10. 


Fold conductors back into box. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 80 



PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY AND FOUR WAY 

SWITCH CIRCUIT 



Student-s Name 
DIRECTIONS TO STUDENT^ 



Date 

Rough in a switch circuit using type NM cablej two 
three way switches and two four way switches to 
control a load device with the feed at a three way 
switch^ 

DIRECTIONS TO EVALUATORi Observe the student* Pay close attention to the items 

to be evaluated* Be sure the task is aompleted within 
a reasonable time as would be required on the job with 
an 80 percent proficiency. 



1. 
2. 
3. 
4. 
5. 
6. 



ITEMS TO BE EVALUATED 



The student routed the cable in the most 
direct path* 

The student installed correct cables for 
the circuit to operate. 

The student left at least six inches of 
free wire at each cable end* 

The student secured the cable to the 
boxes using proper connectors. 

The student secured the cable at proper 
intervais. 

The student cleaned up the work area, 
APPROVED: Yes No 



Satisfactory Unsatisfactory 



EvaJuator's Sipiature 



Date 
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dutyj roughing in feeders, branch circuit cables, and circuits 

PERFORMANCE OBJECTIVE V-TECS 81 

TASKs Rough In the circuit for door chime system, 

STANDARD OF PERFORMANCE OF TASKi Wire of correct size must be run 
from each door and the transformer to the point where the chime system will be 
located* Sufficient length of wire must be left for future oonnection of door 
chime system* Transformer must be approved for the location. 

SOURCE OF STANDARDS Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKt 

1, A door chime unit 

2, The basic tool kit 

3, Necessary materials, 

ENABLING OBJECTIVE(S)i 

1. Read and interpret residential blueprints* 

2. Read and interpret he National Electrical Code, 

3. Read and Interpret cal Code requirements. 

RESOURCES: 

Mullln* Electrieal Wiring, Residential, pp. 191-194, 
Rlchter* Practical Electrical Wiring, pp. 356-358* 
Mix* Housewiring Simplified, pp, 101-104* 

TEACHING ACTIVITIES: 

1. Explain the procedure for determining the wire size for the system* 
2^ Describe the different types of transformers used for the chime system. 
3* Demonstrate the method for securing the low voltage wiring with approved 
staples. 

4. Demonstrate the procedure for routing the low voltafe wiring between outlet 
boxes. 

5. Have tl}e students rough in the door chime wiring using typical wiring and 
building structures, 

CRITERION REFERENCED MEASUREi 
Questional 

1. Conductors in a low voltage chime system shall be separated at least 

inches from conductors of any electric light or power circuits* 



d. 



a. 
b* 



2 
4 
6 
8 
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PERFORMANCE OBJECTIVE V-TECS 81 (Continued) 

2. Low voltage chime wiringt 

a. Must not be Installed in the same raceway as power and light 
conductors; 

b. Must not be installed In outlet boxes containing power and light 
conductorsi 

c. May be stapled along celling joists and wall studs; 
d» All of the above* 

3* Conductors for chime systems are usually AWG numbers 
a* 8 
b* 12 

c, 18 

d, 24* 

Anawersi 

U a 
2, d 
3* e 

PRACTICAL APPUCATIONi 

Rough In a door chime system using typical electrical materials following Code 
requirements, 

METHOD OF EVALUATING PRACTICAL APPLICATION; 

Use Checklist for V-TECS 81 to determine if the assignment was completed with 
at least 80 percent accuracy. 

PERFORMANCE GUIDEi 

1. Locate Installation point* 

2* Install a junction box and mount transformer* 

3* Run feeder cable to junction box from power source* 

4* Run the door bell wire from transformer to chime unit, 

5* Run the wire from each push button location to the chime unit location* 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 81 
PRACTICAL EVALUATION FOR THE ROUGH IN OF A DOOR CHIME SYSTEM 



Student's Name Date 

DIRECTIONS TO STUDENTi Rough in a two door ehime system using AWG #18 

type T bell wire and a door chime kit. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the Items 

to be evaluated* Be sure the task Is completed within 
a reasonable time as would be required on the Job with 
an 80 percent proficiency* 

ITEMS TO BE EVALUATED SatiifactoiY UnBatlsfaetory 



1* The student selected the proper wiring for 
each wire run* 

2, The student routed the wiring using the most 
direct route. 

3* The student secured the wiring using approved 
staples* 

4, The student left enough wire at each outlet 
box, 

5* The student cleaned up the work area, 
APPROVEDi Yes No 
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Evaluator's Signature Date 



DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 82 

TABKz Rough in circuit for Intercom system. 

STANDARD OF PERFORMANCE OF TASKs Cables and rough in kits must be 
installed for each location in accordance with manufacturer's installation 
instructions. 



SOURCE OF STANDARD! Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A layout of syitem 

2. The basic tool kit 

3- Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1# Read and interpret residential blueprints, 

2* Read and interpret the National Electrical Code* 

3. Read and interpret local Code requirements* 

4. Read and interpret manufacturer-s installation instructions* 

RESOURCES: 

Alerich* Eleotrleal Constnietion Wlringj pp. 143^145* 
Rockis, Rasidentlal Wirinf, pp* 203-205, 

TEACHING ACTIVITIES^ 

1. Explain the various uses for Intercom systems* 

2. Explain the procedure for determining the number of conductors In each run 
of cable, 

3* Demonstrate the routing of the cable in relation to other circuit conductors* 
4* Demonstrate the methods of supporting the cable for each run* 
5* Have the students install an intercom system using typical intercom 
components* 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1, Conductors in an intercom system shall be separated at least inches 

from conductors of any electric light or power circuit. 

a. 2 
b* 4 
c* 6 
d* 8 

2. Low voltage communication wlringi 

a* Must not be installed in the same raceway as power and light 
conductorsi 

b* Must not be installed in outlet boxes containing power and light 
conductors^ 

c* May be supported along ceiling Joists and wall studsi 
d. All of the above. 
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PERFORMANCE OBJECTIVE V=TECS 82 (Continued) 



3* Conduetors for intercom systems are usually AWG Numbers 
a* 8 
12 
18 

d. 24. 



Answersi 

1* a 
2, d 

3^ e 

PERFORMANCE GUIDEi 

1* Read manufacturer's Installation Instruetlons. 

2, Run a power cable to master station, 

3, Attach rough In kits to building structure* 

4* Run required size eable{s) from master station to each remote station. 



EKLC 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 83 

TASKi Rough In line voltage thermostat wiring. 

STANDARD OF PERFORMANCE OF TASKi The wiring must have sufficient 
ampaolty to serve Its Intended purpose and must terminate in an approved outlet 
box. The line voltage thermostat wiring must meet the requirements as outlined 
by the National Electrical Code (Article 300, Part A) and the local authority 
having jurisdiction* 

SOURCE OF STANDARD; 

Tennessee Writing Team. 

National Electpleal Code, pp, 113-122. 

CONDITIONS FOR PERFORMANCE OF TASKi 
!• Outlet box for thermostat 

2. The basic tool kit 

3. Installation/electrical materials. 

ENABLING OBJECTIVE(S): 

1. Read and interpret residential blueprints. 

2* Read and Interpret the National Electrieal Code, 

3. Read and interpret local Code requirements* 

RESOURCESi 

Colvin. EleetFlcal Wirinf, pp. 55-67. 
Rockis. Residential Wiring, pp. 79-94. 

TEACHING ACTIVITIES^ 

1. Explain the procedure for determining the size of cable needed for the load. 

2. Demonstrate the routing of the cable through a typical wall structure, 

3. Demonstrate the support necessary for the different cable runs. 

4. Demonstrate the method of securing the cable to the outlet box. 

5. Demonstrate the procedure for stripping the outer covering from the cable in 
the outlet box. 

6. Have the students install the cable runs for a line voltage thermostat, 

CRITERION REFERENCED MEASURE: 
Questionsi 

1. Nonmetallic cable must be secured within Inches of the outlet box and 

at Intervals of not more than feet. 

a. 8, 2 

b, 10, 2 
e. 12, 3 
d, 12, 41 



224 

220 



PERFORMANCE OBJECTIVE V-=TECS 83 (Continued) 



2, 



Bends made in nonmetallic cable shall have a radius less than 
the diameter of the cable* 
a* four 
b, five 



times 



3. 



e. SIX 
d* seven 

To facilitate ease of maintenance, at least 
be left inside each outlet box. 



inches of free wire should 



a* four 
b* five 



c, 
d. 



SIX 



seven 



Answersi 



1. d 

2* b 
3, c 

PRACTICAL APPLICATIONS 

Rough in the line voltage thermostat wiring using nonmetallic sheathed cable and 
typical outlet boxes. 

METHOD OF EVALUATING PRACTICAL APPLICATION^ 

Use Checklist for V-TECS 83 to determine if the assignment was completed with 
at least 80 percent accuracy* 

PERFORMANCE GUIDEi 

1* Run correct size cable from service panel to outlet box. 

2. Attach oable to outlet box at thermostat location* 

3. Pull oable from thermostat location to location of device being controlled. 

4. Strip at least six inches of outer jacket from each cable. 

5. Attach cable in outlet boxes using approved eonneetors. 

6. Attach cable to building structure at required intervals. 

7. Fold conductors back into box. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 83 

PRACTICAL EVALUATION FOR ROUGHING IN A LINE VOLTAGE THERMOSTAT 

CIRCUIT 



Student's Name Date 

DIRECTIONS TO STUDENT? Rough in a line voltage thermostat circuit using 

nonmetallic oable and metal outlet boxes* 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the tt.^k is completed within 
a reasonable time as would be required on the Job with 
an 80 percent proficiency. 



ITEMS TO BE EVALUATED Satlsfaetoi^ Unsatisfactory 



1* The student routed the cable In the most 
direct path. 



2, The student secured the cable at proper 
intervals. 



3. The student secured the cable to the 
outlet box using approved connectors. 



4. The student removed sufficient outer 
covering at each outlet box. 



5* The student installed enough conductors 
in each box for circuit to operate. 

6. The student cleaned up the work area. 



7. The student followed safety precautions* 



APPROVEDi Yes No 



Evaluator's Slpiature 



Date 



DUTYi ROUGHINQ IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V=TECS 84 

TASEi Rough in low=-voltage thermostat wiring, 

STANDARD OF PERFORMANCE OF TABKi The wirinf must have sufficient 
number of conductors in the eable to control the device being served. The rough 
in circuits for low-voltage thermostat wiring must meet the requirements as 
outlined by the National Electrical Code (Article 725, Part C) and the local 
authority having jurisdiction. 

SOURCE OF STANDARD! 

Tennessee Writing Team. 

National Eleatrioal Code, pp* 602-607* 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Thermostat wire 

2. The basic tool kit 

3. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Read and interpret residential blueprints. 

2, Read and interpret the National Electrical Code* 
3* Read and interpret local Code requirements. 

4* Read and Interpret manufacturer's Installation instructions. 

RESOURCESi 

Alerich, Eleetrieai Construction Wirings pp. 143-145. 
Rockis* Residential Wirlngp pp. 203-205. 

TEACHING ACTIVITIESi 

1* Explain the various types of cable used for low-voltage wiring* 

2, Explain the procedure for determining the number of conductors in each run 
of cable* 

3. Demonstrate the routing of the cable In relation to other circuit conductors* 
4* Demonstrate the methods of supporting the cable for each run* 

5* Have the students install the low^voltage thermostat wiring using a typical 
thermostat installation kit. 

CRITERION REFERENCED MEASURE: 
Questional 

1* Conductors In a low-voltage thermostat system shall be separated at least 
Inches from conductors of any electric light or power circuit. 

a. 2 

b. 4 
e. 6 
d. 8 
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PERFORMANCE OBJECTIVE V-TECS 84 (Continued) 



2, Low-voltage thermostat wlrinp 

a. Must not be installed In the same raceway as power and light 
conductorsi 

b. Must not be installed in outlet boxes containing power and light 
eonductorsi 

e* May be supported along ceiling joists and wall studsi 
d, AH of the above* 
3* Conduotors for low-voltage thermostat wiring is usually AWG number: 
a. 8 
12 

Q. 18 
d, 24 

Answersi 

1. a 

2. d 

3. o 

PERFORMANCE GUIDE: 

1. Read manufacturer's installation instructions. 

2, Locate installation point of thermostat. 

3* Run low-voltage wire from the equipment to the make up point of 
thermostat location. 



EKLC 
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DUTY! ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 85 

TASEi Install nonmetalllo cable in outlet boxes. 

OTANDARD OF PERFORMANCE OF TABKt Cable must be secured so as not to 
damage Insulation, Cables must be installed according to type of outlet boxes 
(plastic or metal) being utilized and must have six inches of free wire for 
eonneetiona In the box. The cable must meet the requirements as outlined by the 
National Electrical Code (Article 336-5-10 and Article 300--14) and the local 
authority having Jurisdiction. 

SOURCE OF STAJIDARDi 

Tennessee Writing Team* 

National Electrioal Code, pp. 117, 185-186. 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. The basic tool kit 

2. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1* Read and interpret the National Electrical Code. 
2* Read and Interpret local Code requirementSp 

RESOURCES^ 

Rockis* Residential Wiring, pp. 83^84, 92-94, 

TEACHING ACTIVITIESi 

1. Explain the various types of outlet boxes and their typical uses. 
2* Describe the different types of metal boxes using example^ of each, 
3* pesorlbe the different types of nonmetallic boxes using examples of each. 
4* Demonstrate the procedure for securing the cable In metal and nonmetallic 
boxes« 

5, Have the students Install nonmetallic cable In a metal and nonmetallic box 
using type NM cable* 

CRITERION REFERENCED MEASURES 
Questfonss 

1. If a plastic outlet box without internal clamps Is used, the cable must be 
secured within inches of the box, 

a. 6 

b. 8 

c. 10 
d* 12 

2* If a metal outlet box with clamps is used, tighten the clamp: 
a* As tight as possible on the cable; 
b* As tight as possible, then back off 1/2 turni 
e* So as to secure the cable but not damage the outer sheathlngi 

d. To 150 Inch-pounds, 



229 

225 



PERFORMANCE OBJECTIVE V-TECS 85 (Continued) 



3* To facilitate ease of maintenanGej at least inches of free wire should 

be left inside each box* 

a, four 

b. five 
six 

d* seven 

Answersi 
1* b 
2* c 

3, c 

PRACTICAL APPLICATIONS 

Install a nonmetallic cable in a metal outlet box using Romex cable connectors* 

METHOD OF EVALUATING PRACTICAL APPLICATION^ 

Use the Checklist for V-TECS Guide 85 to determine if the assignment was 
completed with at least 80 percent accuracy, 

PERFORMANCE GUIDEi 

!• Remove one knockout from the outlet box for each cable entering the box, 
2. Extend the cable Into the outlet box six Inches, 

a* If the outlet box is metal, tighten clamp on cable, 

b. If the outlet box Is plastiOj attach cable to building structure within 8 
inches. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE Y-TECS 85 
PRACTICAL EVALUATION FOR INSTALLING TYPE NM IN AN OUTLET BOX 



Student's Name Date 

DIRECTIONS TO STUDENTi Install a nonmetallie cable In a device box with 1/2 

inch knockouts using romex cable connectors. 

DIRECTIONS TO EVALUATORi Observe the student* Pay close attention to the items 

to be evaluated* Be sure the task is qompleted within 
a reasonable time as would be required on the job with 
an 80 percent proficiency* 

ITEMS TO BE EVALUATED SatfsfaotoiY Unsatisfactory 



I* The student removed the correct knockout, 

2* The student Installed the cable connector 
securely. 

3* The student secured the cable in the clamp 
without damage to the insulation* 

4. The student left at least six inches of 
free wire in the device box* 

5. The student folded the free wire back 
into the box* 

6* The student cleaned up the work area. 

7* The student followed safety procedures. 

APPROVED.- Yes Mo 



Evaluator^s Signature Date 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIECUiTS 

PERFORMANCE OBJECTIVE V-TECS 86 

TASKi Rough in duplex receptacles circuit with two three way switches 
controlling one half of each of two duplex receptacles* 

STANDARD OF PERFORMANCE OF TASK; Sufficient conductors must be 
installed at each box for the circuit to function. The circuit must meet the 
requirements as outlined by the National Electrical Code (Article 300^14, 380, and 
300-4) and the local authority having jurisdiction. 

SOURCE OF STANDARD^ 

Tennessee Writing Team, 

National Elaetrieal Code, pp, 114, 238-241* 

CONDITIONS FOR PERFORMANCE OF TASEi 

1* The basic tool kit 

2* Installation/electrical materials, 

ENABLING OBJECTIVE(S)? 

1* Read and interpret the National Electrical Code. 
2* Read and interpret local Code requirements* 

RESOURCES! 

Richter, Praetieal Eleotrical Wiring, pp, 226-330, 
Colvin* Electrical Wiring, pp* 84-86, 103-105, 

TEACHING ACTIVITIESj 

1. Explain the procedure for determining the cable ampacity for the circuit* 

2. Demonstrate the procedure for wiring a split duplex receptacle using two and 
three conductor nonmetallic cable* 

3. Demonstrate the routing and securing of the nonmetallic cable in a typical 
wall structure, 

4. Demonstrate the use of the different types uf clamps used to secure the 
cable to the outlet boxes, 

5. Demonstrate the procedure for preparing the cable ends at the outlet boxes, 
6* Have the students install two and three conductor nonmetallic cable in the 

outlet boxes for three way switch control of two split duplex receptacles. 

CRITERION REFERENCED MEASURES 
Questions* 

1, Nonmetallic cable shall be supported within inches of a device box 

and at Intervals of not more than feet* 

a* 8, 2 
b* 10, 2 

c. 12, 3 

d. 12, 4# 




PERFORMANCE OBJECTIVE V-TECS 86 (Continued) 



2. Bends made in nonmetalllc cable shall have a radius less than times 

the diameter of the cable* 

a* four 
b* five 
e* six 
d* seven 

3. To facilitate ease of maintenance^ at least inches of free wire should 
be left In eaeh outlet box, 

a, four 

b. five 
Q~ six 

d, seven 

Answersi 
L d 

2. b 

3. e 

PRACTICAL APPUCATION: 

Rough in a duplex receptacle circuit with two three way switches controlling the 
lower half of two duplex receptacles* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use Checklist for V-TECS 86 to determine If the assifnment was completed with 
at least 80 percent accuracy, 

PERFORMANCE GUIDE: 

1* Locate previously installed boxes* 

2* Run a power source into one three way switch box. 

3, Run a three wire cable of correct size between the three way switch boxes. 

4. Run a two wire cable from the other receptacle box to one three way switch 
box. 

5* Run a wire cable between the two receptacle boxes. 

6. Strip at least six inches of outer jacket from each cable, 

7. Attach eable in outlet boxes using approved connectors. 

8. Attach cable to building structure at required intervals. 
CAUTIONi The tabs must be removed from the duplex reoeptacles. 

9. Fold conductors back into box. 



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 86 



PRACTICAL EVALUATION FOR ROUGHING IN A THREE WAY 
SWITCH CONTROLLED SPLIT RECEPTACLE CIRCUIT 



Student's Name DATE 

DIRECTIONS TO STUDENT^ Roufh in a duplex reeeptacle circuit using two three 

way switches to control the lower half of two duplex 
reeeptacles* 



DIRECTIONS TO EVALUATORs Observe the student. Pay close attention to the items 

to be evaluated* sure the task is aompleted within 
a reasonable time as would be required on the Job with 
an 80 percent proficieney. 



ITEMS TO BE EVALUATED Satlsfaeto^ Unaatlsfaetory 



1, The student routed the cable in the most 
direct path, 

2* The student secured the cable at proper 
intervals. 



3, The student secured the cable to the outlet 
box using approved connectors. 

4* The student removed sufficient outer covering 
at each outlet box. 



5, The student installed enough conductors In 
each box for circuit to operate- 

6. The student cleaned up the work area. 
7* The student followed safety procedures. 

APPROVEDi Yes No 



Evaluator's Signature Date 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, ANQ CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 87 

TASKi Rough in cables for single pole switch controlling one or more lights or 
devices with feed to switch box. 

STANDARD OF PERFORMANCE OF TASEs Six inches of free wire must be left 
at each box. The rough in of cables must meet the requirements as outlined by the 
National Electrical Code (Article 300-4, 300-^14 and 380) and the local authority 
having jurisdiction. 

MURCE OF STANDARD^ 

Tennessee Writing Team. 

National Eleetrleal Code, pp. 114, 117, 238-241. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Previously installed outlet boxes 

2, The basic tool kit 

3, Installation/electrical materials* 

ENABLING OBJECTIVE(S)s 

1, Read and interpret the National Electrical Code. 

2, Read and Interpret local Code requirements. 

RESOURCESi 

Kubala. Eleetrioity It pp. 92-93. 
Rockis, Residential Wiring, pp. 83-^94. 

TEACHING ACTIVITIESi 

1. Explain the procedure for determining the cable size for the circuit. 
2* Describe the type of cable to be used for the various runs in the circuit, 

3, Demonstrate the routing and securing of the cable using a typical building 
structure. 

4. Demonstrate the procedure for securing the cable to the outlet boxes using 
the various types of clamps and connectors. 

5. Demonstrate the procedure for preparing the cable ends at the outlet boxes. 

6. Have the students rough in the cable for a single pole switch circuit. 

CRITERION REFERENCED MEASURES 
Questional 

1. When drilling holes in the wall studs to rough In nonmetallic cable, the hole 

must not be less than inches from the edge of the wall stud. 

a. 1 
b* 14 

c. 1* 

d. 2 



PERFORMANCE OBJECTIVE V-TECS 87 (Continued) 



2. If the outlet box Is nonmetalllG and has no internal clamps, the nonmetallie 
cable should be seoured within inches of the box. 

a* four 
b* six 

c. eight 

d. ten 

3, To facilitate ease of maintenance, at least inches of free wire should 

be left inside each outlet box. 

a. six 

b. eight 

e. ten 

d. twelve 

AnsweFsi 
!• b 

2. c 

3. a 

PRACTICAL APPLICATIONS 

Rough In the nonmetallic cable for a single pole switch cireuit controlling one or 
more load devices with the soupce at the switeh box. 

METHOD OP EVALUATING PRACTICAL APPLICATIONS 

Use the Checklist for V-TECS Guide 87 to determine if the assignment was 
completed with at least 80 percent accuracy, 

PERFORMANCE GUIOEi 

!• Locate previously installed boxes, 

2. Run cable from power source to box for switch, 

3. Run cable from switch box to first light/device outlet box, 

4. If more than one light/device Is to be controlled by this switch, run cable 
from first outlet box to second and succeeding outlet boxes, 

5. Strip at least six inches of outer jacket from each cable. 

6. Attach cable in outlet boxes using approved connectors* 

7. Attach cable to building structure at required intervals, 

8. Fold conductors back into box. 



EKLC 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 87 

PRACTICAL EVALUATION FOR ROUGHING IN A SINGLE 
POLE SWITCH CIRCUIT 



Student's Name Date 

DIRECTIONS TO STUDENT^ Rough in a sing le pole switah circuit using type NM 

cable with the power source at the switch box, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the Job with 
an 80 percent proficiency* 



ITEMS TO BE EVALUATED Satisfaetory UnsatisfaotoiY 



1* The student routed the cable in the most direct 
path. 



2. The student secured the cable at proper inter- 
vals* 



3* The student secured the cable to the outlet 
box using approved connectors. 

4* The student removed sufficient outer sheathing 
at each outlet box. 



5* The student installed enough conductors In 
each box for circuit to operate. 

6* The student cleaned up the work area. 

7. The student followed safety procedures. 

APPROVED: Yes No 



EvaJuatop's Si^ature Date 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 88 

TASKi Rough in cables for single pole switch controlling one or more 
lights/deviees with feed to lifht/device box, 

STANDARD OF PERFORMANCE OF TABEi Six inches of free wire must be left 
at each box. The cables must meet the requirements as outlined by the National 
Eleotrical Code (Article 300-4^ 300-14^ 380^ and 336-5) and the local authority 
having jurisdiction. 

SOURCE OF STAND ARDi 

Tennessee Writing Team. 

National Eleotrieal Code, pp. 114, 117, 185, 238-241* 

CONDITIONS FOR PERFORMANCE OP TASKi 

1, Previously installed outlet boxes 

2, The basic tool kit 

3* Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

1# Read and interpret the National Electrical Code. 
2* Read and interpret local Code requirements* 

3, Read and interpret residential blueprints* 

RESOURCESi 

Kubala- ElGetrlaity 1, pp. 92-93* 
Roekis* Residential Wiring, pp* 83-94, 

TEACHING ACTIVITIESi 

1# Explain the procedure for determining the cable size for the circuit. 

2. Deicribe the type of cable to be used for the various runs in the circuit. 

3. Demonstrate the routing and securing of the cable using a typical building 
structure, 

4. Demonstrate the procedure for securing the cable to the outlet boxes using 
the various types of clamps and connectors* 

5. Demonstrate the procedure for preparing the cable ends at the outlet boxes* 
6* Have the students rough in the cable for a single pole switch circuit. 

CRITERION REFERENCED MEASUREi 
Quest iom: 

1* When drilling holes in the wall studs to rough in nonmetallic cable, the edge 

of the hole must be not less than inches from the edge of the wall 

stud. 

a. 1 

b. 1* 

c, 1* 

d, 2 
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PERFORMANCE OBJECTIVE V-TECS 88 (Continued) 

2, If the outlet box is nonmetallic and has no intepnal clamps, the nonmetaUiG 
cable should be secured within Inches of the box* 

a, four 

b. six 

c, e!^ht 

d. ten 

3. To facilitate ease of maintenance, at least ^ inches of free wire should 

be left inside each outlet box, 

a. six 

b, eight 

c. ten 

d, twelve 

Answers; 

1* b 
2, c 
3* a 

PRACTICAL APPLICATION^ 

Rough in the nonmetallic cable for a single pole switch circuit controlling one or 
more lights with the source at the light boxes. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for V-TECS Guide 88 to determine if the assignment was 
completed with at least 80 percent accuracy* 

PERFORMANCE GUIDEi 

1* Locate previously installed boxes* 

2. Run feeder cable from power source to first light/device box* 

3. Run cable from first l!ght/devlee box to box at switch location* 

4. If more than one light/device is to be controlled by this switch, extend cable 
from first light/device box to second and succeeding outlet boxes* 

5* Strip at least six inches of outer jacket from each cable* 

6. Attach cable in outlet boxes using approved connectors* 

7. Attach cable to building structure at required intervals* 

8. Fold conductors back into box. 



CHECKLIST FOR PERFORMANCE OBJECTIVE V=TECS 88 



PRACTICAL EVALUATION FOR ROUGHING IN A SINGLE 
POLE SWITCH CIRCUIT 



Student's Name Date 

DIRECTIONS TO BTUDENTi Rough in a single pole switGh circuit using type NM 

cable with the power source at the light box* 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job with 
an 80 percent proficiency. 



ITEMS TO BE EVALUATED Satisfactory UnsatisfaetoFy 



1. The student routed the cable in the most direct 
path. 



2, The student secured the cable at proper 
intervals. 



3. The student secured the cable to the outlet 
boxes using approved connectors. 



4, The student removed sufficient outer 
sheathing at each outlet box. 



S. The student Installed enough conductors 
in each box for circuit to operate. 



6. The student cleaned up the work area* 



1* The student followed safety procedures. 



APPROVED^ Yes No 



Evaluatop's Signature Date 
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DUTY-. ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 89 

TASK; Rough in a circuit for a single pole switch controlling three lights or 
devices with feed to the end light device box, 

STANDARD OF PERFORMANCE OF TASK: The cable must extend from the 
power source to the last light or device box. The cable must be of the required 
size and type for the load being served. At least six inches of free conductors 
must be left at each outlet box and switch boxes. The circuit must meet the 
requirements as outlined by the National Electrical Code (Article 300-4^ 300-14, 
380, 338-5) and the local authority having jurisdiotion, 

SOURCE OF STANDARDi 

Tennessee Writing Team* 

National Eleetrieal Code, pp, 114^ 117, 185, 238-241. 

CONDITIONS FOR PERFORMANCE OF TASEi 

1. Previously installed outlet boxes 

2. Installation/electrical materials 

3. The basic tool kit, 

ENABLING OBJECTIVE(S)i 

1. Read and interpret residential blueprints, 

2* Read and interpret the National Electrical Code. 

3. Read and interpret local Code requirements, 

RESOURCESi 

Kubala* Electricity I, pp, 92-93, 
Rockis, Residential Wiring, pp* 83-94, 

TEACHING ACTIVITIES: 

1, Explain the procedure for determining the cable size for the circuit* 

2, Describe the type of cable to be used for the various runs of cable in the 
circuit, 

3, Demonstrate the routing and securing of the cable using a typical building 
structure, 

4, Demonstrate the procedure for securing the cable to the outlet boxes using 
the various types of clamps and connectors* 

5, Demonstrate the procedure for preparing the cable ends at the outlet boxes* 

6, Have the students rough in the cable for a single pole switch circuit 
controlling three lights, power source at the last light, 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1, When drilling holes In the wall studs to rough in nonmetallic cable, the edge 

of the hole must not be less than inches from the edge of the wall 

stud, 

a, 1 

b. 1* 
c* 1* 
d, 2 



241 

237 



PERFORMANCE OBJECTIVE V-TECS 89 (Continued) 



2, If the outlet box is nonmetaUlc and has no internal clampSj the nonmetalliQ 
cable should be secured within inches of the box, 

a* four 

b. six 

c. eight 

d. ten 

3. To facilitate ease of maintenance, at least . inches of free wire should 
be left inside each outlet box. 

a, six 
b* eight 
c* ten 
d» twelve 

Answers: 

1. b 

2. c 

3. b 

PRACTICAL APPLICATION: 

Rough in a single pole switch circuit controlling three lights with the power source 
at the last light box. 

METHOD OF EVALUATING PRACTICAL APPLICATION: 

Use the Checklist for V-TECS Guide 89 to determine if the assignment was 
completed with at least 80 percent accuracy* 

PERFORMANCE GUIDE: 

1, Locate previously installed outlet boxes, 

2* Run a feed cable from the power source to the last light/fixture device box, 

3. Run a three wire cable from one light device box to the other light box* 

4. Repeat step 3 until all light or device boxes are connected together with 
three wire cable, 

5. Run a two wire cable to the switch box from the last light or device in a 
series. 

6. Strip at least six Inches of outer jacket from each cable* 

7. Attach cable in outlet boxes using approved connectors* 

8. Attach cable to buliding structure at required intervals* 

9. Fold conduotors back into box. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 89 



PRACTICAL EVALUATION FOR ROUGHING IN A SINGLE 
POLE SWITCH CIRCUIT 



Student's Name Date 

DIRECTIONS TO STUDENT: Using nonmetallie cable and existing outlet boxes^ 

rough in a single pole switch oireuit to control three 
lights with the power source at the last light box* 

DIRHCTIONS TO EVALUATORi Observe the student* Pay close attention to the items 

to be evaluated. Be sure the task is completed within 
a reasonable time as would be required on the job with 
an 80 percent proficiency, 

ITEMS TO BE EVALUATED Satisfactory Unsatisfaetonr 

1, The student routed the cable in the most 

direct path* ^ 



2* The student secured the cable at proper 
intervals. 

3. The student secured the cable to the outlet 
boxes using approved connectors* 

4- The student removed sufficient outer sheath- 
ing at each outlet box* 

5* The student installed enough conductors in 
each box for circuit to operate, 

6, The student cleaned up the work area* 

7# The student followed safety procedures* 

APPROVEDi Yes No 
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DUTYj roughing in feeders, branch CmcUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 90 

TASKi Rough in a circuit for a split circuit duplex receptaele. 

STANDARD OF PERFORMANCE OF TASKs The rough in circuit for a split 
circuit duplex receptacle must meet the requirements as outlined by the National 
Electrical Code (Article 210-4, 210-6, Subsection C, 1 and 2) and the local 
authority having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Electrical Ccxie, pp. 2 8^30, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Previously installed receptacle box 

2. The basic tool kit 

3. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Identify the construction of a duplex receptacle. 

2. Determine the proper tools and materials to be used* 

3. Identify the principles of the electrical cirguit operation. 

4. Determine the process for installing a new cable. 

5. Identify the National Electrical Code requirements applying to the 
installation of split wired duplex grounding receptacles, 

RESOURCESi 

Foley. Eleetrioal Wiring Fundamentals, pp. 2 13-^2 16. 
National Electrical Code, 1981. Article 210-4,6. 

TEACHING ACTIVITIES: 

1. Discuss the terms aisociated with receptacle outlets* 
2* Identify the parts of a duplex grounding type receptacle. 

3. Have the students read Elaotrlcal Wiring Fundamentals, pp. 213-216. 

4. Discuss articles 210-4 and 210-8 of the National Eleetriciy Code* 

5. Have the students draw a schematic diagram of a split wired duplex 
grounding type receptacle. 

CRITERION REFERENCED MEASURE; 
Quest lonsi 

1. What type of circuit is a split wired outlet classified by the National 
Electrical Code? 

2. What is meant by the ungrounded conductor? 

3. What must be done to prr vent a short circuit when wiring a split wired 
duplex receptacle? 

4. How does the National Electrical Code require a split wired duplex 
receptacle be disconnected? 

5* How many conductors will a split wired duplex receptacle have attached to 
its terminals? 
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PERFOR^IANCE OBJECTIVE V=TECS 90 (Continuad) 



Answers! 

1. A "multiwire" branch cireuit 

2. The "hot" conductor that is fuse proteGted 

3. The tie bar fin must be broken off on the ungTOunded side terminals. 

4* Both sides of a split wired duplex receptacle must close simultaneously by a 
Z"pole circuit breaker or by two single pole circuit breakers with a handle 
tie, 

5. Three 

PERFORMANCE GUIDEs 

1. Locate previously installed wall box* 

2. Run three wire cable from the power source to the wall box* 

3. Strip at least six inches of outer jacket from each cable. 
4t Attach cable In outlet boxes using approved connectors, 

5, Attach cable to building structure at required intervals. 

6. Fold conductors back into box. 
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 

PERFORMANCE OBJECTIVE V-TECS 91 

TASKi Rough in circuit for two three way switches controlling one device using 
conduit and 4" square boxes with plaster rings* 

STANDARD OF PERFORMANCE OF TASK: The plaster ring must be flush with 
the Interior wall finish* Approximately six inches of free conductor must be left 
at each outlet or switch box* The circuit must meet the requirements as outlined 
by the National Electrical Code (Article 300-4, 314, and 336-5) and the local 
authority having jurisdiction, 

SOURCE OF ^ANDARDi 

Tennessee Writing Team. 

National Electrical Codep pp. 114, 117, 185. 

CONDITIONS FOR PERFORMANCE OF TASKs 

1, A predetermined size and type conduit and fittings 

2, The location of the device 

3, Power source to the device box 

4, The basic tool kit 

5, Installation/electrical materials* 

ENABLING OBjECTIVE(S)i 

1* Identify the construction of a three way switch* 

2* Determine the proper tools and materials to be used* 

3* Identify the principles of wiring a three way switch controlled circuit* 

4* Determine the process for the installation of conduit. 

5. Identify the National Electrical Code requirements applying to the 
installation of wiring. 

RESOURCESi 

Alerich. Electrioal CoratTOotion Wiring, pp^ 115-120. 

National Electrical Code, 1984* Articles 300-4, 300-14 and 336-5* 

TEACHING ACTIVITIESs 

1* Discuss the terms associated with switching situations. 
2* Identify the parts of a three way switch. 

3* Have the students read Eleatrloal Conitnietion Wiring, pp* 115-120. 

4. Discuss Articles 300-4, 300-14 and 336-S of the National Electrical Code* 

5. Have the students draw a schematic diagram of two three way switches 
controlling a single device. 

6. Demonstrate the procedure for identifying common terminal on a three way 
switch* 

7. Demonstrate the installation and connection of conduit to structure. 
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PERFORMANCE OBJECTIVE V-TECS 91 (Continued) 



CRITERION REFERENCED MEASURES 
Quest ionsi 

1. The National Electrical Code requires how many inches of free conductor 
left at each outlet or switch? 

a* 4 inches 
b. 6 inches 
e. 5 inches 
d. 8 inches 

2. Where subject to physical damage, conductors shall bei 
a* Installed higher than 5 feet 

b. Of rigid conduit only 
e* Not installed 

d. Adequately protected, 

3. The two wires that go from three way to three way are called: 
a* Switch legs 

b. Connectors 

e. Travelers 
d. Suppliers, 

Anawerss 

1, b 

2, d 

3, c 

PERFORMANCE GUIDEi 

1* Install four inch bo?ces with plaster rings, 

2. Install conduit between four inch square boxes* 

3. Install conduit froni one four inch square box to the device box. 
4t Attach conduit to all boxes with approved devices, 

5, Install conduit bushings if needed, 

6, Attach conduit to structure* 

7, Pull three wires in conduit between four inch boxes, 

8, Pull two wires in conduit between device box and switch box. 

9, Fold conductors back into box* 
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DUTYi ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 92 
TASKs Install conduit underground, 

STANDARD OF PERFORMANCE OF TASKi The conduit to be installed must be 
of materials acceptably resistant to moisture and corrosive agents. The conduit 
must be identified for the applications for which it is to be installed* The 
installation of the conduit must meet the requirements as outlined by the National 
Electrical Code (Article 300-5, Table 300-5) and by the local authority having 
jurisdiction, 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Electrical Codef pp. 114-115. 

CONDITIONS FOR PERFORMANCE OF TASKt 

1. The basic tool kit 

2, Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1, Identify conduit that is acceptable for underground use, 

2, Determine the proper tools and materials to be used* 

3* Identify the requirements by the National Electrical Code for underground 
conduit installations* 

RESOURCESi 

Alerich* Eleetrieal Construotlon Wiringp pp* 259^260* 
National Electrical Code> 1981* Article 300=5. 

TEACHING ACTIVITIESs 

1, Show students various types of underground conduit. 

2, Review the different types of accessories that are available with conduit. 
3* Discuii the potential hazards of installing underground conduit* 

4* Have the students read National Electrical Codes Article 300-5. 
5* Have the students dig a trench to a set depth, 

CRITERION REFERENCED MEASUREi 
Quest ionBi 

1* What is the minimum burial depth for Installing rigid metal conduit? 
2* PVC is a rigid nonmetallic conduit sometimes used undergroundp what does it 
stand for? 

3, Why is it desifable to plan your layout of conduit run^ before it Is dug? 

Anawersi 

1* Six inches 

2* Polyvinyl chloride 

3. To save time and effort* 
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PERFORMANCE OBJECTIVE V-TECS 92 (Continued) 

PERFORMANCE GUIDE: 

1. Locate installation point. 

2. Open trench for conduit to a depth no less than the minimum requirements of 
the National Electrical Code or local power system having jurisdiction* 

3. Install conduit in open trench* 

4. Install all bushings* 

5. Fill trench. 



240 

245 

O 

ERIC 



DUTY? ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 93 
TASKS Rough in direct burial cable. 

STANDARD OF PERFORMANCE OF TASKi The cable must be manufactured for 
direct burial and must be of the correct size and type for the load being served. 
The rough in of the direct burial cable must meet the requirements as outlined by 
the National Electrical Code (Article 300-5, Table 300-5) and the local authority 
having jurisdiction* 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National ElactHoai CodCj pp* 114-115* 

CONDITIONS FOR PERFORMANCE OF TASKs 

1, The basic tool kit 

2* Installation/electrlcai materials* 

ENABLING OBJECTIVE(S)? 

!• Identify terminology used with U*F, Cable* 

2, Determine the proper tools used and materials to be used, 
3* Interpret blueprints and manufacturer's instructions, 

4. Recall techniques for burying a U,F* Cable, 

5* Read and interpret the National Electrical Code* 

RESOURCESi 

MulliHi Eiactriaal Wiring Resfdentialf pp. 77-80* 
Alerichj Eleotrioal Construction Wiring, pp* 86"87, 
National Eleatrieal Code* 1981| Article 230* 

TEACHING ACTIVITIESi 

1, Instruct students to read The National Eleatficai ^ode. Articles 230-^49^ 
Eleotrioal Wiring Residantlalp pp* 77-80, and Eleetf*^^ Construction Wiring, 
pp* 86-87* 

2* Discuss different usage of U*F, Cable. 

3, Identify different types of direct burial cable* 

4, Demonstrate the procedures used when burying a cable. 
5* Have the students discuss why depths are Important. 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1* How may a direct burial cable be used? 
a* Service entrance 

b. Grounding devices 

c. Landscape 

d. Commercial garages. 
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PERFORMANCE OBJECTIVE V-TECS 93 (Continued) 



2* U,Fp Cable must be buried deep when protected with 2" conerete 

pad, 

a* 18" 
b, 6" 
Q. 24" 
d. 12" 

3* What article of the National Electrical code covers question 2? 

a. 230 

b. 300 

c. 400 

d. 700 



Anawersi 

1. c 

2. d 

3. b 



PRACTICAL APPLICATIONS 

Install a yard light using direct burial cable. The cable must be of correct 
amperage and type. The eable must be buried at least 18 Inches, 

METHODS OP EVALUATING PRACTICAL APPLICATIONi 

Use Checklist Performance Objective 93 to determine if the task was completed 
within a reasonable time limit and with a 90 percent proficiency* 

PERFORMANCE GUIDEi 

1, Locate installation point, 

2, Open trench for cable to a depth no less than the minimum requirements of 
the National Electrical Code and local power system having Jurisdiction, 

3, Install conduit with required bushings where cable enters and leaves trench. 

4, Install cable through conduit and trench leaving extra cable for future 
connections* 

5, Fill trench. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 93 EVALUATION 
PERFORMANCE TEST FOR INSTALLATION OF DIRECT BURIAL CABLE 



Student's Name Date 

DIRECTIONS TO STUDENT^ Using tools and materials furnished open the trench 

and rough in a direct burial cable. 

DIRECTIONS TO EVALUATORi The instruetor will observe that safety proeedures are 

followed. The task is to be completed in reasonable 
time limit with 90 percent proficiency* 



ITEMS TO BE EVALUATED Satisfaotoi^ UnBatisfacto^ 



1* The student selected proper materials. 

2. The student used safety precautions* 

3, The student demonstrated two methods for 
opening trench and roughing in cable. 

*4* The student secured the trench, 

*5, The student secured the U,F, Cable* 

*6. The student found the proper location for 
mounting U*F. Cable. 

*7* The student mounted the direct burial cable 
and prepared for connection. 

8. The student finished the task within a 
reasonable amount of time. 

9* The student completed the task in a 
workmanship like manner* 

10, The student dismantled the project and re- 
turned the materials to their proper places* 

^Required for competency 

APPROVEDi Yes No 
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DUTY: ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 94 

TASKi Make joint using crimp type connectors (splices), 

STANDARD OF PERFORMANCE OF TASK: The joint must be made usin^ 
appropriate tool to assure required mechanical strength. Insulation applied to 
joint must be equivalent to insulation rating of conductor. Connecting device 
must be approved for application. The joint must meet the requirements as 
outlined by the National Electrieal Code (Articki 110-14) and the local authority 
having jurisdiatlon. 

SOURCE OF STANDARDi 

Tennessee Writing Team. 

National Eleotrioal Code^ pp. 18-19. 

CONDITIONS FOR PERFORMANCE OF TASK: 

1. The basic tool kit 

2. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1* Select and use appropriate electrieal tools for the task. 
2* Read and interpret the National Electrical Code. 

RESOURCESi 

Bubanj et al. Underitandinf Electricity and Electronics, pp. 287-288. 
National Electrical Code, 1981, pp* 70-20* 

TEACHING ACTIVITIES: 

1. Show how to strip insulation from conductori. 

2. Identify conductors that are to be frouped together. 

3. Demonstrate how to install crimp and use crimping tooL 

4. Explain how to check conductors for proper connections* 
5* Demonstrate how to properly insulate conductors. 

CRITERION REFERENCED MEASUREi 
Questions: 

1. Arrange the following steps in the correct sequence for properly crimping 
conductors together* 

&• Cut wires to length. 

Place metal sleeve connector over wires and crimp, 
c. Strip wires and twist together* 
d* Place insulation over sleeve* 

2. The length insulation that should be removed from a conductor for crimping 
iii 

a, 1/4" 

b, 1/2" 

c. 3/4" 

d. 1". 
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PERFORMANCE OBJECTIVE V-TECS 94 (Continued) 



3, The joint must meet the requirements as outlined by the 

Answersi 

1. ebad 

2. c 

3. National Electrical Code (Article 110-14) 

PERFORMANCE GUIDEi 

1. Remove approximately 3/4*s inch of insulation from each conductor* 

2. Group conductors together and insert wires into connector* 
3* Using correct crimp tooU apply pressure to make connection. 
4* Remove crimp tool and cut off excess wire outside crimp, 

5* Check each conductor by pulling on It to be sure the joint is mechanically 
strong, 

6. Tape or otherwise Insulate connection to withstand applied voltage. 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 95 
TASKi Make piftail spUca (joint). 

STANDARD OF PERFORMANCE OF TASKi Splice must be mechanically strong 
and insulated electrically to withstand applied voltage. The splice must meet the 
requirements as outlined by the National Electrical Code (Article 110=14) and the 
local authority having jurisdiction^ 

SOURCE OF STANDARDi 

Tennessee Writing Team* 

National Electrical Coda, pp* 18-19* 

CONDITIONS FOR PERFORMANCE OF TASEi 

1, The basic tool kit 

2, Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1* Select and use appropriate tools for the task* 

2* Read and interpret the National Electrieal Code* 

RESOURCESi 

Richter, Practical Eleotrical Wlrinf, pp. 116-123* 
National Electrioal Coda, 1984, pp* 70-20* 

TEACHING ACTIVITIES: 

1* Show how to remove insulation from the conductor* 
2* Demonstrate how to twist the conductors together* 

3. Explain soldering techniques to be used. 

4. Demonstrate how to solder conductors together. 
5* Explain how to properly insulate conductors* 

6* Discuss other methods of splieing conductors* 

CRITERION REFERENCED MEASURE: 
Questional 

1* Arrange the following steps in the correct sequence for making a pigtail 
splices 

a. Twist conductors together 
b* Remove insulation from conductor 
c* Clean and solder conductors 
d* Insulate conductors. 
2* The length of insulation to be removed from a conductor for soldering two 
conductors together is; 

a. 1/2" 

b. 1" 

c* 1 1/2" 
d* 2". 
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PERFORMANCE OBJECTIVE V-TECS 95 CContinuoi) 



3, The splice mu^t meet the requlrementsasouth'nfi^^ by the 

Answers^ 

1. bacd 

2. b 

3. National Elaotrlcal Code (Article llO-M) 

PERFORMANCE GUIDE: 

1* Remove approximately one inch of insijlation fronto each conduotor. 

2. Cross the ends, 

3. Hold the wires together and twist for 6 or 8 tufW* 

4. Double ends back with pliers so that iMlation wJltl not be punctured. 

5. Bolder the tip of the splice. 

6. Insulate wire with approved means* 

7. Tape or otherwise insulate connectjori towithsta^i^J applied voltage. 
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hmi ROt^GHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



^JHPORMA^^CE OBJECTIVE V-TECS 96 

TASg| Make splices using rnechanical type connectors (split bolt connectors, lup, 
and wic-re nuts). 

STANDARD OF PERFORMANCE OF TASKi The splice(s) must be made to assure 
tneeha^^ieal strenrth. The aplice(s) must be insulated to withstand applied ^^oitip. 
The gpaices must meet the requirements as outlined by the National Eieotrioal 
Code (^^rtiele 110-14) and the local authority having jurisdiction, 

SOUBC^E OF STANDARDi 

Tenn^s^ee Writing Team. 
Wation^al Eleotrieal Codep pp* 18-19* 



CONPI'TIONS FOR PERFORMANCE OF TASKi 

L T^Sie basic tool kit 

2» Ir^stallation/electrical materials* 

EKABLING a^BJECTIVE(S): 

1. Select and use appropriate electrical tool to perform the task* 

2. R«-ead and interpret the National Eleotrieal Code* 

Remurcbs^ 

Richtei--^ Praetical EleetFleal Wiring, pp* 124-127* 
Nationtel EleatPical Code, 1984| pp, 70-20* 

TEACHING A-.CTIVITIES1 

1. PMscuss methods of making splices* 

2. Sl^ow how to remove the insulation from the conductor* 

3. E^Niicplain how to select the proper size connector for joining the condUotors 
tO|-gether* 

Demonstrate how to join the conductors together to fasten the connector to 
th^^m* 

5. E?^plain how to properly insulate the conductors. 

CRITERION REFERENCED MEASUREi 
Questio^na: 

1, AE^range the following steps in the correct sequence for making splice§ u^lng 

n^^sehanieal type connectors. 

B* Properly insulate the spliced conductors. 

Remove the insulation from the conductor* 
Align conductors for joining them. 

di Install mechanical connector. 
I Th e length of Insulation that should be removed for splicing conductots using 

fTi^sehanical type connectors isi 

a* 1/2"— 3/4" 

b* 1^'— 1#" 

c. l#'*--2" 

d. 2" or more* 
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PERFORMANCE OBJECTIVE V-TECS 96 (Continued) 

3, The spiiees must meet the requirements as outlined by the , 

Anawersi 
1* bcda 
2* a 

3. National Electrical Code (Article 110-14) 

PERFORMANCE GUIDEi 

1. Remove 1/2" to 3/4" insulation from eaah eonduetorto be joined* 

2. Select the approppiate connectors for the conneatlond) to be made* 

3. Group eonduetors together and insert wires into connectors* 
4* Tighten connector on conductors* 

5* Check each conductor by pulling on it to be iursthe joint is meehanicallv 
strong* 

6* Tape or otherwise insulate connection to withstand applied voltage. 
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DUTYs ROUGHING IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OMECTIVE V-TECS 97 

TASKi Rough in a single pole switch oipauit- 

STANDARD OF PERFORMANCE OF TASK: Approximately six inehes of fr^e 
wire must be left at each box for future connections and splices. The circuit jnust 
meet the requirements as outlined by the National Electrical Code (Article SOflf 
Part A) and the local authority having Jurisdiction. 

SOURCE OF STANDARD: 
Tennessee Writing Team. 
National Electrical Codet pp. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Previously installed box 

2. The basic tool kit 

3. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1* Use basic electrical tool kit and materials* 

2, Read and Interpret the National Electrical Code, 

RESOURCES: 

Mullin, Electrical Wiring (Residcntial)p pp, 37, 44-48, 
National Electrical Code, 1984, pp* 119-128, 

TEACfflNG ACTIVITIESi 

1* Explain how to determine the size wiring for the circuit* 
2. Need circuit schematic to determine number of conductors needed, 
3* Show how to drill holes in wall structure to provide path for cable to connet»t 
for fixture to switch box* 

4, Demonstrate how to strip outer insulation from conductors and install ifi 
switch box and fixture box, 

5, Explain method of stapling cable from switch box to light fixture, 

6, Explain how to connect conductors for proper circuit operation, 

CRITERION REFERENCED MEASURE: 
Questions: 

1, The cable must be strapped or stapled not more than inches from a bojc 

or fitting, 

a, 4 

b, 8 

c, 12 

d, 16 
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PERFORMANCE OBJECTrV^ V^TECs 9r^ (Continued) 



2. The intervals betwe^ri^trtps staples must not exceed feet. 

a. 1 

b. 2 1/2 
Q. 4 1/2 

6 

3, Single pola switohes aft us^c^ to control one or more lights from 
loeation(s)t 



Anawapsi 

1. G 

2, c 
3* a 



PRACTICAL APPLICATlONt 

Rough In a single pole swltqNlpcul'^ to National Electrical Code Standard. 

METHOD OF EVALUATINO t^ACTICAU^ APPLICATIONi 

Use the Checklist for pePfcm^nQ^ Objective 97 to determine If the assignment 
was completed with at leftStsnBO p^ercent accuracyt 

PERFORMANCE GUIDEi 

1, Locate previously ifiStflN bo:ziK. 

2* If power source is t^ t^Finlnfttfe^ at light swltchi 

a. Run cable of CQffiOt bH and type from power source to device switch 
location* 

b. Run cable of s^ize and type from switch location to device 
outlet box* 

3, If power source is t^ tefn^inftt^e in fixture/device box: 

a* Run cable of cofraot sh and type from power source to device outlet 
box* 

b. Run cable of o^freet Sisi^e and type from device outlet box to switch 
location* 

4. Strip at least six in^he^of oUt»^r jacket from each cable* 

5, Attach cable in outlet ^^^es U^^ing approved connector, 

6. Attach cable to buiJdJjiptpuC^ure at required intervals. 
7* Fold conductors b^^k jntoboX^Bs* 



CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 97 EVALUATION 
PERFORMANCE TEST FOR ROUGHING IN A SINGLE POLE SWITCH CIRCUIT 



Student's Name Date 

DIRECTIONS TO STUDENTi Rough In a single pole switch eircuit to National Code 

Standard using the checklist below. 

DIRECTIONS TO EVALUATORi Observe the student* Pay close attention to the Items 

to be evaluated. The student is to complete the task 
in a reasonable amount of time as would be required 
on the job* Mastery will be determined with an 80 
percent proficiency level on the checklist* 

ITEMS TO BE EVALUATED Satisfactory Unaatisfactory 

1* Installed correct wiring size and number of 

conductors for lighting circuit, _ _^ 

2, Stapled cable within 12 inches of the box, ______ 

3, Removed outer jacket of cable from around 

conductors. 

4, Placed 8 Inches of conductor into box and 

tightened cable clamp, 

5, Connected grounding oonductor to box properly* _ 

6, Folded conductors back into box* _ 

7, Made material list, _ _ 

8, Used tools properly. ______ ______ 

9, Cleaned up work area* _^___=^ 

10. Followed all safety procedures, 

APPROVEDi Yes No 

EvaluatDr's Si^ature ^~ Date 
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DUTYs ROUGmNG IN FEEDERS, BRANCH CIRCUIT CABLES, AND CIRCUITS 



PERFORMANCE OBJECTIVE V-TECS 98 

TASKi Run feeder aable from main service panel to auxiliary panel, 

STANDARD OP PERFORMANCE OF TASKi Suffieient cable must be left at each 
panel for connectloni. The cable must he run in the most direct route between 
panels. The cables must be attached tc e panel boxes with approved conneetors. 
The feeder cable must meet the requ^u^ements as outlined by the National 
Electrioal Code (Article 300 and 384) and the local authority having Juriidictlon. 

SOURCE OP STANDARD; 
Tennessee Writing Team, 

National Electrioal Code, pp, 113-122, 241'246, 

CONDITIONS FOR PERFORMANCE OF TASK: 

1, Previously initalled main service panel and auxiliary panel 

2, The basic tool kit 

3, Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Select and use electrical tools for the task, 

2, Read and interpret blueprint drawings* 

RESOURCES: 

Mullin, EleotHeal Wiring (Residenti^), pp, 239, 244. 
National ElaotFioal Code» 1984^ pp, 119, 264, 

TEACHING ACTIVITIES: 

1* Discuss National Electrical Code requirements for auxiliary panels. 

2. Explain the location requirementi for auxiliary paneL 

3. Show how to mount panel for surface and flush mounting, 

4. Demonstrate how to remove knockout blanks for connectorSi 

5. pemonstrate how to remove outer Jacket of insulation from the cable, 

6. Explain National Electrical Code requirements for supporting cable, 

CRITERION REFERENCED MEASUREi 
Queitioi^ 

1. The maximum number of overcurrent devices in a panel box is: 

a. 20 

b. 36 
c* 42 
d. 60 

2, A space of feet or more shall be provided between the top of any 

switchboard and any combustible ceiling, 

a, 1 

b, 3 

c, 6 

d, 8 
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PERFORMANCE OBJECTIVE V-TECS 98 (Continued) 



3. Which of the following statements is not a requirement for auxiliary panels? 

a. The neutral bus should be isolated from the grounding bus, 

b. A maximum of 42 circuits is permitted for a paneL 

c. Feeder cables do not have to be stapled or supported, 

d* A grounding conductor should be Included in the cable to properly 
ground the panel, 

Answe^i 

1* Q 

2. b 

3, c 

PRACTICAL APPLICATlONi 

Run a feed cable from the main service panel to auxiliary panel within National 
Electrical Code, 

METHOD OF EVALUATING PRACTICAL APPLICATION: 

Use the Checklist for Performance Objective 98 to determine if the assignment 
was completed with at least an 80 percent accuracy* 

PERFORMANCE GUIDEi 

1, Locate installation point* 

2, Remove knookouts from panel boxes, 

3, Install cable connector to each panel box, 

4, Strip sufficient outer Jackets from each cable ends* 

5, Attach cable to each panel using approved connectors, 

6, Attach cable to building structure at required Intervals. 
?• Fold conductors into panel boxes. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE 98 EVALUATION 

PERFORMANCE TEST FOR RUNNING FEEDER CABLE PROM MAIN SERVICE PANEL 

TO AUXILIARY PANEL 



Student's Name Date 

DIRECTIONS TO BTUDENTi Run a feeder cable from the main service panel to an 

auxiliary panel foUowinf the National Electrical Code 
using the checklist below* 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the Itemm 

to be evaluated* The student is to complete the task 
in a reasonable amount of time as would be required 
on the job. Mastery will be determined with an 80 
percent proficiency level on the checklist* 



ITEMS TO BE EVALUATED Satlsfaetory Unsatisfactory 



1* Selected proper size feeder cable for auxiliary 
panel* 

2* Installed correct cable connector In main service 
panel and auxiliary panel. 

3. Removed correct length of outer jacket of cable 
and install In panel boxes. 

4. Stapled cable for support* 

5. Cable was run in most direct route from panel to 
panel* 

6. Made a list of materials used* 
?• Cleaned up work area. 

8. Followed all safety procedures. 
APPROVEDs Yes _ No 



Evaluator's Signature Date 
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TRIMMING OUT (FINISfflNG) ELECTRICAL DEVICES AND APPLLANCES 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-^TECS 99 

TASK: Install/aonneet automatia garage door operator^ 

STANDARD OF PERFORMANCE OF TASKs If it is a plug-in model, the 
reeeptaele must be conveniently located* The manual low-voltage control must be 
installed to control the garage door operator (open and close)* 

SOURCE OP STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKs 
1* Pre-hung automatic garage door operator 
2* Power source 

3. Previously roughed In wiring 

4. The basic tool kit 

5. Installation/eleetrical materials* 

ENABLING OBJECTIVE(S)i 

1, Select and use electrical tools for the task. 

2, Read and Interpret blueprint drawings* 

RESOURCESi 

MuUin, Bleetrlcal Wiring (Reiidentlal)p pp. 178-181* 
National Electrloal Cc^e, 1984, p. 40. 

TEACHING ACTIVlTIESi 

1. Discuss National Electrical Code requirements for receptacle installation, 

2. Explain the location requirements for garage door outlet boxes* 

3. Demonstrate how to cut in outlet box In existing celling* 

4. Show how to connect reaeptacle and plate. 

5. Discuss control wiring procedures. 

6. Show how to connect control wiring. 

7. Demonstrate operation of automatic garage door opener, 

CRITERION REFERENCED MBASUREi 
Quest ions: 

It The outlet box for a garage door opener should be installedi 

a. On the wall and away from the opener; 

b. Flush with the ceiling and adjacent to the opener; 

c. By the back door for easier access; 

d. By using a drop cord for convenience. 
2, Control wiring should bei 

a. A low voltage type wirei 

b. A high voltage type wire; 

c. Run in conduit for extra protection; 

d. Unnecessary because of remote controls being used* 
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PERFORMANCE OBJECTIVE Y-TECS 99 (Continued) 



Most 

a. 



garage door openers arei 

Remote control and do not need additional wiringi 

Not UL approvedi 

Equipped with plug-in oordsf 

Too expensive to Install and operate. 



Answersi 



1. b 

2. a 

3. e 



PERFORMANCE GUIDK: 



1. 
2, 
3* 

4, 

6. 

7, 
8. 

9. 

10. 
11. 
12. 

13. 
14. 
15. 



Locate power supply and location point of receptaole to be installed. 
Turn power off. 

Determine that power is off by checking conductor(s) at the point of 
connection(s) with voltage tester. 

Attach outlet box to structure so that it will be flush with finished surface. 
Read manufacturer's installation instructions. 

Run wire of correct size from outlet box to power source, using approved 
method. 

Connect receptacle and install trim. 

Run control wire of correct size from garage door operator to installation 
point of control switch and connect switch. 

Connect control wire to door operator per manufacturer's installation 
instructions. 

If it is a plug-in model, insert cord end into receptacle. 
Turn power on. 

Remove all objects from under door and close door by pressine manual 
switch. ® 

Test operation of door using local control station. 

Test operation of door using radio control unit. 

Leave all keys^ transmitters, instructionsp etc. with owner. 



267263 



ERIC 



DUTY: TRIMMINQ OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 
PERFORMANCE OBJECTIVE V-TECS 100 
TASKi Connect deicing equipment, 

S't!?fi,^°fn°^ PERFORMANCE OF TASKi Wiring methods and connectors must 
be suitable for conditions encountered. Connections must be made in weathertiffht 

fr„^?,"®^J K ^-""^ °' ^^•^'"^ equipment must meet the requirements 

as outlined by the National Electrical Code (Article 426) and the local auth^ky 
navmg jurisdiction* » 

SOURCE OF STANDARDi 

Tennessee Writing Team, 

National Electrical Code, pp, 302-307, 

CONDITIONS FOR PERFORMANCE OF TASKi 
!• Power source 

2. Unit of deieing equipment previously installed 

3. The basip tool kit 

4. Installation/electrical materials, 

ENABLING OBJECTIVESi 

1. Select and use electrical tools for the task, 

2. Read and interpret blueprint drawings* 

RESOURCESi 

National Electrical Code, 1984, pp. 329-334, 

TEACfflNG ACTIVITIESi 

S^SioIu''^"^' Electrical Code requirements for deicing equipment 
2* Explain the location requirements for deicing equipment, 
r Demonstrate how to lay cable for embedment in masonry or asphalt 
4, bhow how to connect wiring for deieing equipment. 
5* Diseusi control wiring procedures. 
6. Demonstrate operation of deicing equipment* 

CRITERION REFERENCED MEASURES 
Questions: 

1* The factory installed attachment plug of cord connected and plug^ connected 

equipment rated amperes or less and volts or less Si be 

permitted to be the disconnecting means, ^ 

a. 4, 24 
b* 20, 150 
0* 10, 240 
d, 5, 460 
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PERFORMANCE OBJECTIVE V-TECS 100 (Continued) 



The ampaelty of branch circuit conductopi and the rating or setting of 
overcurrent protective devices supplying fixed outdoor electric deieing and 
snow melting equipment shall be not less than ____ percent of the total 
load of the heaters, 
a- 10 

b. 50 

c. 125 

d. 250 

Deicing panels or units shall not exceed watts per square foot of 

heated area, 

a, 25 

b, 80 

c, 120 
200 

ipacing between adjacent cable runs is dependent upon the rating of the 
.Die, and shall be not less than inch(es) on centers* 

a. 1 

b. 2 

c. 6 

d. 12 

Deicing unlts^ panels, or cables shall be installed on a substantial asphalt or 
masonry base at least Inches thick and have at least _____ inches 

of asphalt or masonry applied over the units, panels, or cables* 

a, 1,2 

b. 2, 1* 

c. 4, 4# 

d, 6, 6 

Answersi 
1, b 
2* c 
3* c 
4, a 
5* b 

PERFORMANCE GUIDEi 

1. Locate installation point. 

2. Turn power off. 

3* Determine that power Is off by checking conductor(s) at the point of 

connection(s) with voltage tester* 
4, Read manufacturer's installation instructions. 
5* Make wiring connection in weathertlght enclosures. 

6. Make wiring connections to temperature control devices. 

7. Turn power on* 

8. Assure required operation. 
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3. 



4. 



DUTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 101 
TASKi Connect door chime system. 

STANDARD OP PERFORMANCE OF TASK: Button at each location must cause 
chime to operate. The connecting of the door chime system must meet the 
requirements as outlined by the National Electrical Code (Article 725) and the 
local authority having jurisdiction. 

SOURCE OF STANDARDS 

Tennessee Writing Team. 

National Electrical Cc^e, pp. 599-607. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Components for door chime system 

2. Power source 

3* Previously roughed in wiring 

i* The basic tool kit 

5. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Select and use electrical tools for the task. 
2* Read and interpret blueprint drawings. 

RESOURCESi 

National Electrioal Code, 1984, pp. 644-653* 
Muliin, Electrical Wiring (Reaidential), pp. 207-210* 

TEACHING ACTIVITIESi 

1. Discuss National Electrical Code requirements for door ehime system 
installation* 

2. Explain the location requirements for door chimes. 

3. Show how to connect wiring for door chime. 

4. Discuss control wiring procedures. 

5. Demonstrate operation of door chime* 

CRITERION REFERENCED MEASUREi 
Questional 

1* Conductors of number ^ and shall be permitted to be used 

for control wiring of door chimes provided that supply loads do not exceed 

the ampacities given in 402-5* 

a* 16, 18 

b* 14, 16 

c* 12, 14 

d* 10, 12 
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PERFORMANCE OBJECTIVE V-TECS 101 (Continued) 



2* Door chimes are normally eontrolled by devices located by the 

front, back, or side entrances. 

a, PBNC 

b, PBNO 
o. SPST 
d. SPDT 

3. Control voltage for door chimes is produced byi 

a. Step^up transformers 

b. Step^down transformers 

c. Relays 

d. Solenoids, 

Anawarsi 

1, a 

2, b 

3, b 

PERFORMANCE GUIDEi 

!• Locate installation point* 

2. Turn power off. 

3. Determine that power is off by checking conductor(s) at the point of 
conneetion(s) with voltage tester, 

4. Read manufacturer's Installation instructions, 

5. Attach chime unit to structure, 

6. Make low-^voltage wiring connections* 



EKLC 
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DUTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 102 

TASKi Connect/install duplex receptacle outlets, 

STANDARD OF PERFORMANCE OF TASKi Connections must be made using 
methods and conneetors suitable for the purpose* Finished outlets must have 
oorreot polarity. Cover plate must be straight^ cover the opening, and fit flush to 
the walL All receptacles must be mounted In a manner to present a uniform 
appearance. The duplex receptacle outlets must meet the requirements as 
outlined by the National Electrical Code (Artiale 200-10* Article 200-11) and the 
local authority having jurisdiction, 

SOURCE OF STANDARD! 

Tennessee Writing Team. 

National Electrieal Code, pp. 26-27, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Duplex receptacle outlets 

2, Power source 

3, Previously roughed in wiring 

4, The basic tool kit 

5, Installation/eleetrlcal materials. 

ENABLING OBJECTIVE(S)i 

1, Select and use electrical tools for the task, 

2, Read and Interpret blueprint drawings, 

RESOURCES^ 

National Eleotrioal Code, 1984, pp, 28-29, 36-40, 
Muilins Eleatrical Wiring (Residential), pp. 11-15, 

TEACHING ACTIVITIES! 

1. Discuss National Electrical Code requirements for duplex reeeptaele outlet 
installation, 

2. Explain the location requirements for duplex receptacles, 

3. Show how to connect wiring for duplex reeeptaeles, 

4. Discuss wiring procedures for more than two sets of cables in a box. 

5. Demonstrate operation of duplex receptacle, 

CRITERION REFERENCED MEASUREi 
Questionsi 

1, Conductors of numbers and shall be permitted to be used 

for duplex receptacles in a residence. 

a, 16, 18 

b, 14, 16 

c, 12, 14 

d, 10, 12 
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PERFORMANCE OBJECTIVE V-TECS 102 {Continued) 



2. Duplex receptacles are normally controlled by devices. 

a. PBNC 

b. PBNO 

c. SPOT 

d. Circuit breaker 

3. The brass colored terminal on a receptacle usually designates the 

conductor terminal. 

a. grounding 

b. neutral 

c. hot 

Anawerss 

1, c 

2, d 
3* c 

PRACTICAL APPLICATION! 

Connect/install duplex receptacle outlets following the K^ational Electrical Code 
Standard, 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 102 to determine if the assignment 
was completed with at least an 80 percent accuracy. 

PERFORMANCE GUIDEi 
1* Locate Installation point. 
2* Turn power off. 

3, Determine that power Is off by checking conductor(s) at the point of connection{s) 
with voltage tester. 

4, Cut conductor at wall box to leave six Inches of free conductor, 

5, Remove approximately three fourths Inch of Insulation from each conductor. 
6* Connect white conductors to silver or white terminals. 

7* Connect black conductor to brass or gold colored terminals, 

8* If there are two or more grounding condue^ irs, thyy must be securely connected 
together using an approved means and fastened to reeeptaele and to box if 
required* 

9. If box Is metalj connect grounding conductors to green terminals and to wall box. 
IOp Fasten outlet to wall box. 

11. Install cover plate. 

12. Turn power on, 

13. Test for correct polarity. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 102 EVALUATION 

PERFORMANCE TEST FOR CONNECTING/INSTALLING DUPLEX RECEPTACLE 

OUTLETS 

liiLfdent^i Name Date 

DIRECTIONS TO STUDENTi Connect/install duplex receptacle outlets foUowinf 

the National Electrical Code Standard using the 
checklist below, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. The student Is to complete the task 
in a reasonable amount of time as would be required 
on the Job, Mastery will be determined with an 80 
percent proficiency level on the checklist. 

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory 

1. Prepared conductors for connection to device, 

2. Selected correct device, 

3. Prepared device for connections, 

4. Proper connections performed, 

5. Checked device for proper operation, 

8, Performed proper troubleshooting techniques. 

7. Made a list of materials used, 

8. Cleaned up work area, 

9. Followed all safety procedures. 
APPROVEDi Yes ^ ^ No 

Evaluator's Signature ^ — _ ^^^te "~ 
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DUTYi TRIMMmG OUT (FmiSHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 103 

TASKi Connect/Install electric fence charger, 

STANDARD OF PERFORMANCE OF TASK: System must function when power 
has been turned on unit as evidenced by high voltage indicator ou unit* 

SOURCE OF CTANDARDi Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1. Electric fence charger 
2* Power source 

3. Previously roughed In wiring 

4. The basic tool kit 

5. Installation/electrical materials* 

ENABLING OBJECTrsrE(S)i 

1. Select and use electrical tools for the task* 
2* Read and interpret blueprint drawings, 

RESOURCES: 

National Eleotrical Code, 1984, pp, 28-29, 36-40, 
Mullin, EleatHoal Wiring (Residential), pp* 11-15, 

TEACHING ACTIVITIES: 

1. Read and discuss the National Electrical Code requirements for electric 

fence chargers, 
2* Explain the location requirements for fence chargers. 
3* Show how to connect wiring for fence charger operation, 
4. Discuss wiring procedures for fence charger operations, 
5* Demonstrate operation of fence charger, 

CRITERION REFERENCED MEASUREi 
Questional 

1, Fence chargers are used to contain animals by producing electric charges 
every * 
a* few hours 

b, few minutes 

c. few seconds, 

2* Fence chargers are normally controlled by devices, 

a, capacitor 

b, transformer 
e, transistor, 

3. Most fence chargers have a green and red flashing light to indicate 

a, faulty operation 

b. proper operation 
G, both. 



PERFORMANCE OBJECTIVE V-TECS 103 (Continued) 



Answers: 

1. e 

2. a 

3. e 

PERFbRMANCE GUIDEi 



1* 


Locate installation point* 


2, 


Turn power off* 


3- 


Determine that power is off by checkinf conductor(s) at the point of 




eonneetion(s) with voltage tester. 


4, 


Read manufacturer's installation Instructions. 


5, 


Install suitable ground to charger. 


6, 


Connect charger unit to power source using methods and connections suitable 




for the purpose. 


7. 


Connect wiring from fence charffer to fence. 


8, 


Turn power back on circuit. 


9. 


Turn fence charger unit on. 


10. 


Check for high voltage output. 



ERIC 
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DUTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 104 



TASKi Connect/install emergency warning system (burglar or fire)* 

STANDARD OF PERFORMANCE OF TASKs The emergency warning system must 
be Installed so that each deteetor will give a warning signal If activated. The 
emergency warning system must meet the requirements as outlined by the 
National Electrical Code (Article 780) and the local authority having jurisdiction. 

SOURCE OF OTANDARDi 

Tennessee Writing Team, 

National Eleotridal Code, pp, 608-616* 

CONDITIONS FOR PERFORMANCE OF TASKs 

1, Emergency warning system (burglar or fire) 

2, Power source 

3, Previously roughed in wiring 

4, The basic tool ^!t 

5* installation/electrical materials 
6. Layout of points to be monitored. 

ENABLING OBJpCTIVE(S)i 

1. Select and use electrical tools for the task, 

2. Read and interpret blueprint drawings* 

RESOURCESi 

National Bleetfieal Code, Article 700-C|D,EjF and Article 230-82, 83. 
Mullin, Electrical Wiping (Commercial), p* 171. 
MulUn, Electrical Wiring (Industrial), pp. 58-59, 

TEACHING ACTIVlTIESi 

1. Read and discuss the National Electrical Code requirements for emergency 
warning systems. (Burglar or fire) 

2. Explain the location requirements for warning system. 

3, Show how to connect wiring for warning system, 

4, Discuss wiring procedures for burglar and fire alarm systems. 
5p Demonstrate the operation of a warning system, 

CRITERION REFERENCED MEASURE! 
Quest ionsi 

1* List three types of burglar alarm monitoring devices used to set off the 
alarm* 

2. In the event of normal power failure, what is used to provide power to the 
alarm system? 

3* What IS the maximum number of fire alarm devices that can be operated on 
one circuit? 
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PERFORMANCE OBJECTIVE V-TECS 104 (Continued) 



AnEwersi 

1. Window Switch, motion detector, infrared detector 

2. Battery 

3. 20 

PERFORMANCE GUIDEi 

1* From layout of system, determine location of master control unit and points 
to be monitored, 

2. Turn power off, 

3. Determine that power Is off by cheeklnf Gonductor(s) at the point of 
connection(s) with voltage tester, 

4* Read manufacturer's installation instructions, 

5* Run low voltage wiring from each point to be monitored back to central 
location of master unit, 

6, Install window foilp window switch, door switch, mat switches^ smoke 
detector^ fire detectorp etc, in each room to be monitored, 

7, Run 110 volt wiring circuit from main service panel to alarm system and 
control station. 

8, Check rough in wiring for shorts and open circuits* 

9, Connect detectors, 

10, Connect master control unit. 
Hp Turn power on, 

12* Assure required operation of system by activating each detector. 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 105 

TASK; Connect/Install four wire 220 volt raGeptaGles. 

STANDARD OF PERFORMANCE OF TASKi Connections must be made using 
materials and eonduetors suitable for conditions encountered. Receptacle must be 
supplied with correct voltage and must have required polarity. 

SOURCE OF STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKs 

1. Power source 

2. Previously roughed In wiring 

3. The basic tool kit 

4* The installation/electrical materials 

5, The electrical plan or other Instructions to locate point of installation, 

ENABLING OBJECTIVE{S)i 

1. Select and use electrical tools for the task. 

2, Read and interpret blueprint drawings, 

RESOURCESi 

National Electrical Code, 1984, Articles 200-10, Articles 210-21. 
Mullin, Electrical Wiring (Com [neralal)^ pp. 61-^62, 

TEACHING ACTIVITIESi 

1. Read and discuss the National Electrical Code requirements for 220 volt 
receptacle installation* 

2. Explain the location requirements for receptacle installation, 
3^ Show how to connect wiring for 220 volt receptacle, 

4* Discuss wiring procedures for 220 volt receptacles, 

5. Demonstrate how to check voltage after turning power on* 

CRITERION REFERENCED MEASURE: 
Quest lonsi 

!• List four types of ampere ratings for four wire 220 volt receptacles, 
2* 'NEMA* has developed standards for the physical appearance of locking and 
nonlocking plugs and receptacles. What does the word 'NEMA* represent? 

3. List two types of four wire 220 volt receptaclei. 

Anawerss 

1. 20, 30, 40, 50 

2. National Electrical Manufacturers Association 

3. Locking and nonlocking 

PRACTICAL APPLICATION: 

Connect/Install four wire 220-volt receptacles following the National Electrical 
Code Standard* 
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PERFORMANCE OBJECTIVE V-TECS 105 (Continued) 



METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 105 to determine if the assignment 
was completed with at least an 80 percent accuracy* 

PERFORMANCE GUIDEi 



1. 


Loaate installation point. 




Turn power off. 


3. 


Determine that power is off by checking conductor(s) at the point of 




eonneetiQn(s) with voltage tester. 


4. 


Read manufaoturer's installation instructions. 


5. 


Cut conductors at wall box to leave six inches of free conductor* 


6. 


Remove approximately three fourths Inch insulation from each conductor* 


7, 


Connect grounding conductor (green or bare) to grounding terminal. 


8. 


Connect one line conductor to one of brass or gold colored terminal. 


9, 


Connaet remaining line conductor. 


10. 


Connect white conductor to identified neutral terminaL 


11, 


Attach receptacle to wall box* 


12* 


Install cover plate* 


13. 


Turn power on. 


14* 


Check for required polarity. 


15, 


Check for required voltage. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 105 EVALUATION 



PERFORMANCE TEST FOR CONNECTING/INSTALLING FOUR WIRE 220 VOLT 

RECEPTACLES 



Student's Name Date 

DIRECTIONS TO STUDENTi Connect/install four wire 220-volt receptacles 

following the National Eleotrical Code Standard using 
the checklist below* 

DIRECTIONS TO EVALUATOR: Obaerve the student. Pay close attention to the items 

to be evaluated. The student is to complete the task 
in a reasonable amount of time as would be required 
on the job. Mastery will be determined with an SO 
percent proficlenay level on the checklist, 

ITEMS TO BE EVALUATED Satisfaetory UnBatfsfactory 

1. Prepared conductors for eonneetion to device, ^_ . __ ^ 

2. Selected correct device, 
3* Prepared device for eonnectlons, 

4, Proper connections performed. 

5, Checked device for proper operation, 
6* Performed proper troubleshooting techniques, 

7. Made a list of materials used. 

8, Cieaned up work area. 
9* Followed all safety procedures, 

APPROVED: Yes No 



EvaluatOF's Signature Data 
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DUTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLLANCES 



PERFORMANCE OBJECTIVE V-TECS 106 

TASKi Install/connect ground fault interrupting device* 

STANDARD OF PERFORMANCE OF TASKi Ground fault Interruptlnff device 
must be installed aeaordlng to manufacturer's instructions. Ground fault 
interruptinf device must function to open circuit when tested as per 
manufacturer's instructions. The installation/connection of the ground fault 
interrupting device must meet the requirements as outlined by the National 
Electrical Code (Article 210^ Section B, and Article 680) and the local authority 
having jurisdiction, 

SOURCE OF STANDARD! 
Tennessee Writing Team. 

National Eleetrioal Code^ pp, 31-32^ 560-574. 

CONDITIONS FOR PERFORMANCE OF TASK: 

1. Ground fault fnterruptinf device 

2. Power source 

3. The basic tool kit 

4. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

!• Select trnd use electrical tools for the task. 
2* Reac! and Interpret blueprint drawings. 

RESOURCESi 

National Elactriosd Code, 1984^ Article 210-8* 
Mullin* Electrical Wiring (Com aiercial)^ pp, 63-64. 

TEACHING ACTIVITIESs 

1, Read and discuss the National Electrical Code requirements for groundfault 

interrupting device* 
2* Explain the location requirements for receptacle installation* 
3* Show how to connect wiring for GFCI reeeptacie and circuit breaker. 

4. Discuss wiring procedures for GFCI devices, 

5. Demonstrate the operation of GFCI devices, 

CRITERION REFERENCED MEASUREi 
Questions: 

1. The underwriters laboratories require that Class A GFCrs trip on ground- 
fault currents of _____ to mllllamperes. 

2. NSitie two locations v/here GFCI devices are required in a residence, 

3. List two types of GFCI devices. 

Anawerss 

1, 4,6 

2, Bathrooms and outside receptacles 
3« Circuit breaker and receptacle types 
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PERFORMANCE OBJECTIVE V-TECS 106 (Continued) 



PRACTICAL APPLICATIONS 

Install/connect a ^ound fault interrupting device following the National Electrical 
Code Standard, 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 106 to determine if the assignment 
was completed with at least an 80 percent accuracy- 

PERFORMANCE GUIDEi 

1* Locate installation point, 
2* Turn power off, 

3. Determine that power is off by checking eonduetor(s) at point of 
connection(s) with voltage tester, 

4. Read manufacturer's installation Instructions* 

5. If circuit breaker type device^ snap or bolt breaker in a breaker panel, 

6. Locate circuit conductors to be protected (ov ground fault interruptinf 
device, 

7. Remove approximately three fourths inch Insulation from each conductor. 

8. Connect grounding conductor to ground bar in breaker panel, 

9. Connect white or neutral conductor to identified terminal of circuit breaker, 
10. Connect free end of coiled white neutral conductor of lead attached to 

circuit breaker to neutral bar In breaker panel* 
11* Connect black or circuit conductor to load terminal of circuit breaker* 
12* If ground fault interrupting Is of ground fault Interrupting receptacle type, 

determine outlet box ground fault interrupting receptacle type device is to 

be mounted in, 

a. Fold wire end out of wall box, 

b* Remove approximately three fourths Inch Insulation from each 
conductor* 

c. Connect green or bare conductor to grounding terminal on ground fault 
interrupting device and to wall box if it is uf metal* 

d. Connect white wire to silver colored terminal of receptacle* 

e. Connect black wire to brass or gold colored terminal. 

f. Attach ground fault interrupting device to wall box* 

g. Attach cover plate* 
13, Turn power on* 

14* Test units for correct operation as per manufacturer's instructions. 



EKLC 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 106 EVALUATION 



PEllFORMANCE TEST FOR INSTALLING/CONNECTING GROUND FAULT 

INTERRUPTING DEVICE 

Student's Name Date 

DIRECTIONS TO STUDENT! Install/connect a ground fault Interrupting deviee 

following the National Eleotrical Code Standard using 
the cheekllst below. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. The student is to eomplete the task 
in a reasonable amount of time as would be required 
on the Job. Mastery will be determined with an 80 
percent proficiency level on the checklist. 



ITEMS TO BE EVALUATED Satisf aetory Unsatisfactory 

1, Prepared conductors for connection to device, 

2* Selected correct device, 

3, Prepared device for connections, 

4, Proper connections performed, 

5* Checked device for proper operation. 

6# Performed proper troubleshooting techniques, 

7. Made a list of materials used, _______ 

8. Cleaned up work area, 

9. Followed all safety procedures* 

APPROVEDi Yes No ^ 



Evaluator's Signature Date 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 107 

TASK: Install/connect hot water heater* 

^ANDARD OF PERFORMANCE OF TASKi Heater must be supplied with 
required voltaffe* Heater must be grounded and oonneetions must be tight and 
insulated. The installation/eonneetion of the water heater must meet the 
requirements as outlined by the National Eleetrlcal Code (Article 422, Section 14) 
and the local authority having jurisdiction* 

SOURCE OF CTANDARDi 

Tennessee Writing Team* 

National Electrical Code» pp, 285-286, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Water heater with plumbing aonnections made* 

2, Power source 

3* Previously roughed in wiring 

4» The basic tool kit 

5. Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1* Select and use electrical tools for the task. 
2* Read and interpret blueprint drawings, 

RESOURCES: 

National Electrical Code, 1984, Article 220-32, Article 422-14. 
Mullin, Electrieal Wiring (Residential), pp, 167-171, 

TEACHING ACTIVITIES^ 

1, Read and discuss the National Electrical Code pequirements for wiring 
methods for water heaters, 

2, Explain the location requirements for water heaters, 

3, Show how to connect wiring for water heaters, 

4, Discuss wiring proaedures for water heaters, 

5, Demonstrate the operation of the water heater system, 

CRITERION REFERENCED MEASURE: 
Quest lonsi 

1. Electric water heaters shall be equipped with a temperature limiting means 
in addition to its control thermostat to disconnect all conductors. 

2. Many heaters contain one or two magnesium anodes (rods) which are 
permanently submerged In the water. These rods help to reduce 

3. The heating elements are generally rated at volts. ' 

Answers: 

1. Ungrounded 

2. Corrosion 
3* 236 
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PERFORMANCE OBJECTIVE V-TECS 107 (Continuad) 



PERFORMANCE GUIDE ^ 

1. Locate installation point. 

2. Turn power off, 

3* Determine that power is off by checking conductor(s) at the point of 

conneetion(s) with voltage tester. 
4* Install cable connector or conduit conneetor in junction box on water heater, 

5. Connect cable or conduit to v/ater heater. 

6. Remove approximately three'-fourths inch insulation from each conductor* 

7. Conneet wirinf using method and materials suitable for conditions 
encountered. 

8. Read water heater nameplate, 

9. Determine that correct voltage Is available at water heater. 

10. Check to see that tank is full of water, 

11. Turn power on, 

12. Check power consumption using clamp on ampmeter. 

13. Install cover plate. 



EKLC 
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DDTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 108 

TASEi Connect/install humidity control device* 

STANDARD OF PERFORMANCE OF TASKs Humidity control device must be 
connected using method and connector suitable for conditions encountered. 
Connections must be tight* 

SOURCE OF STANDARD! Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Humidity control device 

2. Power source 

3. Previously roughed in wiring 

4. The basic tool kit 

5. Installation/eleetrleal materials, 

ENABLING OBJECTIVE{S)s 

1. Select and use electrical tools for the task* 
2* Interpret blueprint drawings, 

RESOURCES^ 

Nation^ Elect rleal Code, 1984, Article 422-20, Article 422-26, 
Mullin, Eleotrical Wiring (Residential), pp. 201-202. 

TEACHING ACTIVITIESi 

1. Read and discuss National Electrical Code requirements for wiring methods 
for humidity control device* 

2, Explain the location requirements for humidity controU 
3* Show how to connect wiring for humidity control device, 
4* Discuss wiring procedures for humidity control devices, 

5* Demonstrate the operation of the humidity control device* 

CRITERION REFERENCED MEASUREi 
Questions: 

1* The electrician must cheek the maximum and ratings of a 

humldistat before the device is installed. 

2, Some humidlstats are low voltage devices and require a . 

3, The disconnect must be within sight of a motor driven appliance where the 
motor is more than 1/8 HP, (True or False) 

Answersi 

1, Voltage, amperage 

2, Transformer 

3, False 



28? 

EKLC 



PERFORMANCE OBJECTIVE V-TECS 108 (Continued) 



PERFORMANCE GUIDEi 

1, Locate installation point* 

2. Turn power off, 

3* Determine that power is off by cheeking aonductor(s) at point of 
connection(s) with voltage tester, 

4. Read manufacturer-s installation Instructions, 

5. Connect wiring to humidity control device with connector suitable for 
conditions encountered. Be sure connections are tight* 

6. Attach humidity control device to wall or to return air duct system 
depending on type of device being used, 

7. Turn power on, 

8. Assure required operation* 
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DUTYf TRIMMING OUT (FINISHING) ELECTRiCAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 109 
TASKi Connect Intercom system, 

STANDARD OF PERFORMANCE OF TASKi Intercom syitem must be connected 
using method and connectors required by manufacturer- All connections must be 
tight, 

SOURCE OP STANDARDS Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* Intercom system 

2, Power source 

3, Previously Installed wiring 

4, The basid tool kit 

5, Installation/electrical materials, _ 

ENABLING OBjECTIVE(S): 

1, Select and use electrical tools for the task, 

2, Interpret blueprint drawings, 

RESOURCESi 

National EleotHoal Codet 1984p Article 300-1, 

TEACHING ACTIVITIESi 

!• Discuss National Electrical Code requirements for wiring methods for 

intercom system. 
2* Explain the location requirements for intercom systems, 

3, Show how to connect wiring for Intercom system, 

4, Discuss wiring procedures for intercom connections, 

5* Demonstrate the operation of the intercom system from one location to 
another* 

CRITERION REFERENCED MEASUREi 
Quest lonsi 

1, The ______ must check the maximum number of stations the intercom 

system will handle before installation of wiring, 

2, Some have features that allow a person to call from any location, 

3, The fuse protection for an Intercom system must be in accordance with the 



Answer: 

!• Electrician 
2, Intercom 

3* National Electrical Code 
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PERFORMANCE OBJECTIVE V=TECS 109 (Continued) 



PERFORMANCE GUIDEi 

1, Locate initaliation points* 

2, Turn power off. 

3, Detepmine that power is off by ehecking line aonduator(s) at point of 
eonneation(s) with voltage tester* 

4, Read manufacturer's installation instructionst 

5, Connect wiring to each Intercom unit in system as per manufacturer's 
Initruotions and wiring diagram using connectors suitable for conditions 
encountered, 

6* When all units of system have been connected^ turn power on, 
7. Check syitem for correct operations. 
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DUTYi TRIMMING OUT CFINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCB OBJECTIVE V-TECS 110 

TASEi Conneot low-voltage lighting eontroL 

STANDARD OP PERFORMANCE OF TASK; Connect low-voltage lighting 
aortrol, Conneetioni must be made using method and connectors required by 
manufacturer and the National Eleotrical Code. 

SOURCE OF STANDARDi Tennessee Writing Team* 

CONDITIONS FOR PERFORMANCE OF TASKi 

1. Low^voltaf e lighting control 

2. Power source 

3. Previouily initalled wiring 
4- The basic tool kit 

5, Initallatfon/electrical materials* 

ENABLING OBjECTlVE(S)s 

1. Select and use electrieal tools for the task, 

2. Interpret blueprint drawings* 

RESOURCESi 

National Electrloal Code, ig84| Article 725* 
Mulllni Eleotrldal Wirlnf (Resldantial), pp* 268-274. 

TEACHING ACTIVITIESi 

1. Discuss National Electrical Code requirements for wiring methods for low-^ 
voltage lighting control, 

2. Explain the location requirements for low^voltage control* 

3. Show how to conneot wiring for low^voltaga lighting eontroL 

4. Discuss wiring procedurei for low^ voltage lighting* 

5. Demonstrate the operation of the low-voltage lighting system* 

CRITERION RBFERENCED MEASUREi 
Quest ionsi 

1. What is the approximate voltage used on low-voltagej remote control 
system? 

2m The low-voltage, remote control system uses a normally openi single pole, 

double throw _ contact switch. 

3* A number . AWG conductor Is generally used for low-voltage, 

remote control systems* 

Answersi 

1* 24 ' * 

2. Momentary 

3. 18 
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PERFORMANCE OBJECTIVE V-TECS 110 (Continued) 

PERFORMANCE CUIDEs 

1. Locate Installation point* 

2. Turn power off* ^ 

3. Determine that power Is off by Ghecking conductor(s) at points of 
oonneet!on{s) with voltage tester. 

4. Read manufacturer's installation instructions, 

5. Conneat power leads of low^voltage control devices to light fixture wiring 
using iuitable connectors. 

6* Connect low-voltafe control lead to relays and control switches as required 
to complete the wiring of the low^voltage lighting control using suitable 
connector* 

7. Turn power on* 

8* Cheek for operation of control system. 
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DUTYs TRIMMING OUT (Wl*fi»r " m^HCfmCAh DEVICES AND APPLIANCES 
PERFOEMANCB OWECT»WI V- lEOS ^ 1 

TASKi Connect mc^islinc^ "esfet^aa recfe-^taQle, 

STANDARD OP PERFORMANCE OP TASKi Receptacle must be connected using 
methods and eonrii^e^.ot r^^ulred manufacturer and the National Electrical 
Code. ConnectioRgf mipt i%^^-ta Receptacle must be wired for correct polarity. 

30URCE OF STi^M^I^Di } ennWss^e Writing Team* 

CONDITIONS FOR^?^^"^^^^MJlNCE OF TASKs 

1, Moisture reitetati eovf^i^ plate and receptacle 

2, Power source 

3, Previously roujtli^, )fi wiring 
4* The basic tool kit 

5* The Installation/electrical materials, 

ENABLING OBJECTIVE(S)i 

!• Select and use electrical tools for the task. 
2. Interpret blueprint drawings* 

RESOURCES^ 

Nation^ Electrical CodCp 1984p Article 380-4, 410-57. 
Mullin, Electrical Wiring (Reiidential), p. I2S. 

TEACHING ACTIVITlESs 

1. Discuss National Electrical Code requirements for wiring methods for 
moisture resistant receptacle. 

2. Explain the location requirements for moisture resistant receptaclei, 

3. Show how to connect wiring for receptacle operation. 

4. Discuss wiring procedures for moisture resistant receptacles* 
8. Demonstrate the operation of the receptacle. 

CRITERION REFERENCED MEABUREi 
Questions: 

1. Receptacles located outdoors in damp locations such as porches and under 
canopies, or in wet locations directly exposed to the weather, must be 
when the self closing cover of the receptacle is closed. 

2* Fixtures located in wet or damp locations must be constructed so that 
will not enter their wiring compartments or electrical parts. 

3* Receptacles located on the outside of a building must be protected by a 
breaker* 



AnsweFSs 

1. Waterproof 

2. Water 

3. GFIC 
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PERFORMANCE OBJECTIVE V-TECS 111 (Continued) 
PERFORMANCE GOlDBs 



1. 


Locate initallatiori point. 








Turn power off* 






3, 


Determine that power la off by Ghecking conductors at point of conni 


letlons 




with voltage tester. 






4. 


Read manufacturer-s installation instructions* 






5. 


Remove Insulation from each conductor to length 


suggested by 




manufacturer* 






6. 


Connect white wire to silver eolored terminal* 






?• 


Connect black wire to gold or brown colored terminal. 






8* 


Connect grounding conductor to green colored terminal. 






9. 


Attach reoeptacle to receptacle housing. Be sure gaskets 
proofing matefials are in place. 


or other 


water 


10. 


Install protective covers of cover plates. 






11. 


Turn power on. 






12, 


ChBck for correct polarity. 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 112 

TASKi InstaU/connect photo-electric cell controL 

STANDARD OF PERFORMANCE OF TASK: Connections must be inade using 
method and connectors required by manufacturer and the National Electrical 
Code* Connections must be tight. Device must be tested to assure required 
operation, 

SOURCE OF STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OP TASKi 
1* Photo-electric cell control 

2, Power source 

3« Previously installed wiring 

4* The basic tool kit 

S. Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1, Select and use electrical tools for the task* 
2* Interpret blueprint drawings, 

RE30URCESI 

National Eleetrical Code^ 1984, Articles 410-48^ 240-4. 

Buban, et aU, Undarstandinf Electricity and Eleetronicif pp. 198^199, 

TEACHING ACTIVITIES: 

1. Discuss National Electrical Code requirements for wiring methods for photo- 
electric cell control* 
2- Explain the location requii-ekTi^nti for photo-electric cell controls* 

3, Show how to connect wiring for photo-electric cell* 

4, Discuss wiring procedures fo • photo-electric celL 

5* Demonstrate the operation of the photo-electric cell controL 

CRITERION REFERENCED MEASURE: 
Questionsi 

1, A group of devices that convert one form of energy Into another form of 
energy or into a variation of some electrical quantity are called * 

2* cells cause a decrease in the resistance of the cells when light 

is present* 

3. cells convert light energy into electric energy by generating 

a voltage, 

AnaweFsi 

1. Transducers 

2. Photoconductive 

3. Photovoltaic 
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PERFORMANCE OBJECTIVE V-TECS 112 (Continued) 



PERFORMANCE GUIDEi 

1, Locate installation point* 

2, Turn power off* 

3, Determine that power is off by checking conduGtor(s) at point of 
connection(s) with voltage tester, 

4, Read manufactupep's Enstailation Initruetlons, 

5, Attach photo^eleetpie cell to outlet box or light fixture as appropriate* 

6, Make wiring connections pep manufacturer's Instruction using suitable 
connectors. 

7, Install cover plates or rehang fixture, 
8* Turn power on, 

9, Assure required operation. 



2.96 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIAKCBS 



PERFORM ANTCB OBJECTIVE V-TECS 113 

TASKi Connect recessed fixture box mn ceiling. 

CTANDARD OF PERFORMANGB TASKi Connections must be made using 

methods and connectors required manufacturer and the National Electrioal 

Code* Polarity must be correot and fixture must be grounded. 

SOURCE OF STANDARD: TtnneiSee Writing Team. 

CONDITIONS FOR PBRFORMANCE OF TASKi 

1. Previously Installed recessed f iirture box 

2. Power source 

3. Previously roughed In wiring 
4p The basic tool kit 

5, V Installation/electrical materials— 

ENABLING OBJECTIVE(S)i 

1* Select and use electrical tools f»r the task. 
2. Interpret blueprint drawings, 

RESOURCESi 

National Electrioal Codtj 1984^ ArtlcL^es 410-65, 66, and 67. 
MuUlnj Eiectrioal Wiring (Commeroiai^p pp. 153-155. 

TEACHING ACTIVITIESs 

1* Discuss National Eiectridal Cc»de requirements for wiring methods for 

recessed lighting fixture box, 
2. Explain the location requirements for recessed lighting* 
3- Show how to connect wiring for c*^cessed lighting fixtures* 

4. Discuss wiring proeeduris for Jurmc*tion boxes In attics, / 

5. Demonstrate the operation of th« recessed lighting fixture, 

CRITERION REFERENCED MEASUREi 
Quest ionsi 

1. Flexible metal raceway to a recessed fixture must be more than feet 
and less than feet, 

2. Flush, recessed fixtures haySng solid lens, or eeillng mounted fluorescent 

fixtures, must be placed so that there is at least a inch clearance 

between the fixture and the comtoustible material. 

3. List four styles of receisid mour*;^ad luminaries. 

Answersi 
1. 4, 6 
2* 6 

-3. Style F, G, H, J 
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PERFORMANCE OBJECTIVE V-TECS 113 (Continued) 



PERPORMANCE GUIDEi 

1# Locate previously installed box. 

2. Turn power off, 

3. Determine that power is off by checkirig cQnductor(s) at the point of 
eonnection(s) with voltage tester, 

4. Remove approximately three^fourths ineh insulation from the end of eaeh 
eonductor* 

5. Make wiring conneetioni In junction box, uilng correct GonneetQrs and 
methods and obierving correct polarities* 

6. Insulate all conneetioni. 

7* Fold wirinf back into junction box* 
8* Install cover on junction box* 

9* Install lamp no greater than manufacturer's recommendation, 

10, Install fixture trim* 

11, Turn power on, 

12, Assure require^ yeration,^ 
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DUTYi TRIMKMIMG OUT (FiNISHINQ) ELECTRICAL^ DEVICES AND APPLIANCES 



PERFORlVfAWCE OBJECTIVES TECS 114 
TASKs --Connect f ingle pole switoh. 

STANDi^Rb OP PEBPOWANCE OP TASRi Connections must be made using 
mettiod^ and conneotors required by manufa^<»turer ^ id the National Electrical 
Code* ^Conneetloni muitbe tight. The conri^sctions must meet the requirements 
as ©utJi«ied by the Nstionil Electrical Code (^Article 380) and the local authority 
having J^irisdiction, 

SOURCK OP STANDARDi 

Tenue^s*^© Writinf Teami 
National Eleetf ical Code, pp, 238-241. 

CONDIE'IOMS FOR PBRFORMANCE OF TASg« 

1, Siragle pole swltoh 

2, Pr«eviously roughed in wiring 
3^ Thma basic tool kit 

4, in^stallation/electrleal materials. 

ENABLING OBBJECTIVE(S)s 

1, Se;£leet and use eleetrleal tools for the tasi.k. 
2* Interpret blueprint drawings. 

EESOURCSSi 

NstionaH Electfloal Co<l€|1984p Articles 380-0, 14b, 
Mulliny IBlectrloal WtringlRssidential), pp- 48^4 =6, 

TEACHING A^i^TIVITIESi 

1* Dl^eouis NationaJ Elietrleal Code requipfiMnents for wiring methods for single 
poMe switches. 

2« EJcgplain the loeatioiifequirements foPSiri^gle pole switches* 

3, SHm^w how to conneot wiring for single pc^U^e switches. 

4, Di^seuss wiring procedures for single pole ^^witches. 

5, Demonstrate tlie operation of the single p^ole switch. 

CRITERION REFERENCED MEASUREi 

1. A ^single pole switclile used when a light oor p^oup of liglits or other load is to 
be Qontroiled from switching pog*int(s), 

2. A single pole switeli la Identified by its tv\i#vo terminals and the toggle which is 
mwfcrked _ _ _ _ > 

3* AlU. switches and ctait breakers uied switches shall be so located that 
th^y may be operated from a readily _. place. (Article 380-8). 

Aiisw^rs^ 

2. On^off 
3* Ao«-ceisible 
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PERFORMANCE OBJECTIVE V-TECS 114 (Continued) 



PRACTICAL APPLICATIONi 

Connect a single pole switch following the National Electrical Code Standard* 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objective 114 to determine if the assignment 
was eompleted with at leant an 80 percent accuracy* 

PERFORMANCE GUIDEi 



1, 


Locate Installation point. 


2. 


Turn power off. 


3, 


Determine that power Is off by cheeking conductor(s) at point of 




connection(s) with voltage tester. 


4, 


Remove approximately three^fourths inch Insulation from the ends of each 




conductor. 


5* 


Make wiring connection to switch using terminals or connectors provided. Be 




sure all connections are tight. 


6. 


Attach switch to box with means provided* 


7, 


Install cover plate. 


8. 


Turn power on. 


9. 


Assure required operation. 



300 

296 



CHECELIST FOR PERFORMANCE OBJECTIVE V-TECS 114 EVALUATION 
PERFORMANCE TEST FOR CONNECTING SINGLE POLE SWITCH 



Student's Name Date 

DIRECTIONS TO STUDENTi Connect a single pole switch following the National 

Electrical Code Standard using the checklist below. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. The student Is to complete the task 
In a reasonable amount of time as would be required 
on the job. Mastery will be determined with an 80 
percent proficiency level on the checklist. 



^EMS TO BE EVALUATED fetisfactory Unsatisfaetory 

1. Prepared conductors for connection to device, 

2. Selected correct device, 

3* Prepared device for connections, 

4. Proper connections performed, 

5. Checked device for proper operation* _______ 

6. Performed proper troubleshooting techniques. ^ 

7* Made a list of materials used, ________ 

8. Cleaned up work area, ___^_=^_ 

9, Followed all safety procedures, _____=_ 

APPROVEDs Yes^ ^ No 

Bvaluator's Si^atura Date ^ ' 
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DUTY: TRIMMING OUT (FIOTSfflNrG) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 115 

TASKi Conneet/install single pole switch with pilot light* 

STANDARD OF PERFORMANCE OP TASKi The iwiteh must control the intended 
devlee* The pilot light must indicate when the switeh is in the on position* 

SOURCE OF OTANDARDs Tennessee Writing Team* 

CONDITIONS FOR PERFORMANCE OF TASEi 
1* Single pole switeh with pilot light 
2* Power sourae 

3. Previously roughed in wiring 

4. The basic tool kit 

5^ Installation/electrical materials, 

ENABLING OBJECTIVE(S): 

1* Select and use eleotrical tools for the task, 
2, Interpret blueprint drawings, 

RESOURCESi 

National Eleotrioal Codej 1984, Articles 380-8, 14b* 
Mullin, Elactrloal Wiring (Residential), pp, 45-46, 

TEACHING ACTIVITIESi 

1* Discuss National Eleotrieal Code requirements for wiring methods for single 
pole switches with pilot light, 

2, Explain the location requirements for single pole switches, 

3, Show how to connect wiring for single pole switches with pilot lights, 

4, Discuss wiring procedures for single pole switches with pilot lights, 

5, Demonstrate the operation of the single pole switch with pilot light, 

CRITERION REFERENCED MEASUREi 
Questionsi 

1* A single pole switch with a pilot is used when a light or group of lights or 
other load Is to be controlled from _____ switching point(s), 

2, A single pole switch with a pilot is Identified by its three terminals and the 
toggle whioh is marked , 

3, Snap switches shall not be grouped or ganged in outlet boxes unless they can 
be so arranged that the voltage between adjacent switches does not exceed 



Answersi 

1. One 

2. On/off 

3. 300 
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PERFORMANCE OBJECTIVE V-TECS 115 (Continued) 



PRACTICAL APPLICATIONi 

Conneat/install a single pole switch with a pilot light. 

METHOD OP EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performanee Objective 115 to deternitne if the assignment 
was completed with at least an 80 percent accuracy- 

PERFORMANCE GUIDEi 

1. Locate installation point. 

2, Turn power off* 

3* Determine that power Is off by checking conductor(s) at the point of 

connection(s) with voltage tester, 
4* Read manufacturer's installation instructionSp 

5, Cut conductor at wall box to leave six inches of free conductor. 

6, Remove approKimately three fourths inch insulation from each conductor* 

7, Connect white or neutral conductor to white or silver terminal on pilot light, 

8, Connect ungrounded conductors to identified line of lead conductors of 
switeh. 

9, Attach switch with pilot light to wall box. 
10* Install cover plate* 

11. Turn power on* 

12. Turn switch on, 

13. Assure required operation* 

14. If device does not work or pilot light does not burn, recheck connections* 
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CHECKLIST FOR PERPORMANCE OBJECTIVE Y-TECS 115 EVALUATION 

PERFORMANCE TEST FOR CONHECTING/INSTALLING SINGLE POLE SWITCH 

WITH PILOT LIGHT 

Student's Name Date 

DIRECTIONS TO STUDENTi Conneat/Install a single pole switch with a pilot light 

following the National Eleotriaal Code Standard using 
the ehecklist below, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated. The student is to complete the task 
in a reasonable amount of time as would be required 
on the Job* Mastery will be determined with an SO 
percent proficiency level on the checklist* 

ITEMS TO BE EVALUATED Satiifactoiy Unsatisfacto^ 

Im Prepared conductors for connect Ion to device, 

2. Selected correct device. 

3* Prepared device for connections* 

4» Proper connections performed* 

5. Checked device for proper operation* 

6. Performed proper troubleihootinj techniques, 

7- Made a list of materials used* 

8* Cleaned up work area* 

9. Followed all safety procedures. ^ 

APPROVEDi Yes No 

Evaluatop's Sifnature " Date 
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DUTY! TRIMMING OUT (FINISHmG) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 116 

TASKi Connect spilt circuit duplex recaptaele* 

STANDARD OF PERFORMANCE OF TASKj Finished wiring must be supplied 
from two sources. The cover must be installed flush with wall^ level across the 
top, and cover opening in the wall* Polarity must be correct, 

SOURCE OF STANDARD: Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASEi 

1. Duplex receptacle that can be split wired 

2. Power source 

3. Previously roughed in wiring 

4. The basic tool kit 

5. Installation/electrical materials, 

ENABLING OBJECTIVE{S): 

1- Select and use electrical tools for the task. 

2. Interpret blueprint drawings* 

RESOURCESi 

National Eleotrioal Code, 1984, Articles 210-7, 52, 
MuUin, Eleotrieal Wiring (Residential), pp. 108, 114-116. 

TEACHING ACTIVITIESi 

1. Discuss National Electrical Code requirements for wiring methods for split 

circuit duplex receptacles* 
2* Explain the location requirements for receptacles, 

3. Show how to connect wiring for split circuit duplex receptacle* 

4. Discuss wiring procedures for split circuit duplex receptacles* 

5. Demonstrate the operation of the split circuit duplex receptacle* 

CRITERION REFERENCED MEASUREi 
Questlona: 

1* For split circuit duplex receptacles, one part of the receptacle is 

and the other is _* ~ 

2* Split circuit duplex receptacles are most commonly used in the of 

a residence* 

3. Receptacle ratings shall conform to the values listed in table of 

the NEC* ~ 

Answerss 

1* Hot, switch controlled 
2* Living room 
3* 210-21 (b) (3) 
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PERFORMANCE OBJECTIVE V-TECS 116 (Continued) 



PRACTICAL APPLICATION: 

Connect a split circuit duplex receptacle following the National Eleetrieal Code 
Standard. 

METHOD OF EVALUATING PRACTICAL APPLICATION: 

Use the Checklist for Performance Objective 116 to determine If the assignment 
was completed with at least an 80 percent accuracy* 

PERFORMANCE GUlDEi 

1. Locate installation point, 

2. Turn power off* 

3. Determine that power is off by checking conductor(s) at the point of 
connect lon(s) w' h voltage tester. 

4* Read manufacturer's installation instructions, 

5, Cut conductor at wall box to leave six inches of free conductor, 

6, Remove approximately three^fourths inch of insulation from each conductor. 

7, Remove break off tab from line side of receptacle to cause It to be a split- 
wired receptacle. 

8, Connect white or neutral conductor to silver or white terminal, 

9, Connect one of the other supply conductor to one of the brass or gold 
terminals. 

10. Connect the remaining supply conductor to the remaining brass or gold 
terminal. 

11. Connect bare or green grounding conductor to green terminal and to wall box 
if it is a metal box. 

12. Attach duplex receptacle to wall box, 

13. Install cover plate. 

14. Turn power on, 

15. Check that the receptacle has been supplied from two sources by turning off 
one source. 

16. Test for correct polarity. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 116 EVALUATION 
PERFORMANCE TEST FOR CONNECTING SPLIT CIRCUIT DUPLEX RECEPTACLE 



Student's Name Date 

DIRECTIONS TO STUDENTi Connect a split circuit duplex receptacle following 

the National Electrical Code Standard using the 
checklist below. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated* The student is to complete the task 
in a reasonable amount of time as would be required 
on the job* Mastery will be determined with an 80 
percent proficiency level on the checklist- 

ITEMS TO BE EVALUATED Satiifactoiy Unsatiifactory 

1. Prepared conductors for connection to device. 

2, Selected correct device* 

3* Prepared device for connections. 

4. Proper connections performed, 

5* Checked device for proper operation. 

6. Performed proper troubleshooting techniques. 

7. Made a list of materials used. 

8. Cleaned up work area. 

9. Followed all safety procedures, 

APPROVED: Yes No 

Evaluator's Sipiature ~ Data 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 117 

TASKS Connect/Install three wire 220 volt receptacle* 

STANDARD OF PERFORMANCE OF TASKi Connections must be made using 
mateplals and conductors required by manufacturer and the National Electrical 
Code. Receptacle must be supplied with correct voltage and must have correct 
polarity, 

SOURCE OF STANDARD: Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1* Three wire 220 volt receptacle 

2- Power source 

3. Previously roughed in wiring 

4* The basic tool kit 

5* Installation/electrical materials* 

ENABLING OBJECTIVE(S): 

1* Select and use electrical tools for the task* 
2, Interpret blueprint drawings* 

RESOURCESi 

National Electric^ Code* 1984, Articles 210-75 52* 
Mullin, Eleotrical Wiring (Residential), p. 108. 

TEACHING ACTIVITIES: 

1* Discuss National Electrical Code requirements for Wiring methods fop 220 
volt receptacle. 

2, Explain the location requirements for receptacles, 

3, Show how to connect wiring for three wire 220 volt receptacle. 

4, Discuss wiring procedures for 220 volt receptacle* 

5, Demonstrate the operation of the three wire 220 volt receptacle, 

CRITERION REFERENCED ME ASUREi 
Questional 

1. Section of the National Electric Code states that a means must be 
provided to simultaneously disconnect both ungrounded conductors at the 
panelboard where the branch circuit originates. 

2. A cable containing a black, white, and bare conductor may be used as a 220 

volt circuit provided the and colors are used as the hot 

conductors* 

3. In a cable containing a black, white, and red conductor, the ____ and 

conductors are used as the hot conductors. 

Answersi 

1. 210-4 

2. Black, white 

3. Black, red 
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PERFORMANCE OBJECTIVE V-TECS 117 (Continued) 

PRACTICAL APPLICATIONS 

Conneat/install a three wire 220 volt receptaele following the National Electrical 
Code Standard* 

METHOD OF EVALUATING PRACTICAL APPLICATION? 

Uie the Cheeklist for Performance Objective 117 to determine if the aislgnment 
was completed with at least an 80 percent accuracy* 

PERFORMANCE GUIDE: 

1* Locate Installation point, 
2. Turn power off. 

3* Determine that power is off by cheeking aonduator(s) at the point of 
aonnectlon(s) with voltage tester, 

4, Read manufacturer's installation instructions* 

5. Determine that power has been turned off by checking each conductor with 
voltage tester, 

6* Cut conductor at wall box to leave six inches of free conductor, 

7. Remove approximately three-'fourths Inch insulation from each conduetor. 

8. Connect grounding conductor (green or bare) to grounding terminal, 

9. Connect one liiie conductor to one of brass or gold colored terminal, 

10, Connect remaining line conductor to other brass or gold colored terminal, 

11, Attach receptacle to wall box. 

12, Install cover plate, 

13, Turn power on, 

14, Check for correct polarity and voltage. 




CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 117 EVALUATION 

PERFORMANCE TEST FOR CONNECTING^NSTALLING THREE WIRE 220 

VOLT RECEPTACLE 

Student's Name Date 

DIRECTIONS TO STUDENTS CDnneet/install a three wire 220 volt receptacle 

following the National Electrical Code Standard using 
the checklist below. 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the itemi 

to be evaluated. The student Is to complete the task 
in a reaionable amount of time as would be required 
on the Job. Mastery will be determined with an 80 
percent proficiency level on the checklist. 

ITEMS TO BE EVALUATED Satisfactory Unaatisfaetory 

1. Prepared conductors for connection to device. 

2. Selected correct device. 

3. Prepared device for connections. 

4» Proper connections performed. 

5. Checked device for proper operation. 

6. Performed proper troubleshooting techniques. ^ 

7. Made a list of materials used. 

8. Cleaned up work area. 

9. Followed all safety procedures. ^ 

APPROVEDi Yes No 

EvaluatoF*s Sl^ature Data^ 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PBRFORMANCE OBJECTIVE V-TECS 118 

TASKi Connect/install delayed action or time switch, 

STANDARD OF PERFORMANCE OF TASKi Switch must turn device It is 
controUing off within the prescribed time after it has been turned on. Connections 
must be jnade using method and connector required by manufaeturer and the 
National Electrical Code, 

^URCE OF STANDARDi Tennessee Writing Team. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1» Timed or delayed action switch 

2. Power source 

3* Previously roughed in wiring 

4* The basic tool kit 

5. Installation/electrical materiials. 

ENABLING OBjECTIVE(S)i 

1* Select and use electrical tools for the task, 
2s Interpret blueprint drawings, 

RESOURCESi 

National Electrical Code, 1984, Articles 380-8^ 422-D, 
Riehter, Praetioal Elactrical Wiring, p, 432, 

TEACHING ACTIVITIESi 

1* Discuss National Electrical Code requirements for wiring methods for time 
switches. 

2. Explain the location requirements for switches* 

3. Show how to connect wiring for time switch* 

4, Discuss wiring procedures for time switches, 

5, Demonstrate the operation of the time switch. 

CRITERION REFERENCED MEASURE: 
Questions: 

1* switches are used to control lighting for added convenience* 

2* List two examples where time switches are used* 

3. Poultry houses use times to control lights for additional lighting In the winter 
to ■ egg production* 

AnaweE^i 

1. Time 

2. Hot water heaters, outside lighting 

3. Increase 
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PERFORMANCE OBJECTIVE V-TECS 118 (Continued) 



PERFORMANCE GUIDEs 

1. Locate installation point* 

2* Turn power off, 

3. Determine that power is off by checking conductor(s) at the point of 
conneGtfon(s) with voltage tester. 

4. Read manufaeturer's installation Instructions* 

5. Cut oonductor at wall box to leave six inches of free conductors, 

6* Remove approximately three-fourths inch of insulation from each conductor, 

7* Connect conductors to switch terminals, 

8, Attach switch to wall box, 

9, Install cover plate, 

10, Turn power on. 

11, Turn switch on. 

12, Assure required operation of switch. 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 119 
TASKi Connect water pump motor. 

STANDARD OF PERFORMANCE OF TASEi Connection must l;s made using 
method and connectors required by manufacturer and the National Electrical 
Code* Water pump motor must run in correct direction when power is supplied by 
its controller. The connections must meet appropriate codes according to motor 
manufacturer's wiring diagram and materials. All connections must be tight and 
the motor must be grounded if required. The connections must meet the 
requirementi as outlined by the National Electrical Code (Article 430) and the 
local authority having jurisdiction. 



SOURCE OF STANDARDS 

Tennessee Writing Team, 

National Electrical Code, pp. 311-347, 

CONDITIONS FOR PERFORMANCE OF TASKs 
!• Water pump motor 
2m Power source 

3. Previously roughed in wiring 

4. The basic tool kit 

5. Installation/electrical materials. 

ENABLING OBJECTIVE(S)s 

1. Select and use electrical tools for the task. 

2. Interpret blueprint drawings* 

RESOURCESi 

National Eleotrlcal Codep 1984, Article 430, 
Mullin, Electrical Wiring (Residential)* pp. 164-165, 

TEACHING ACTIVITIESi 

!• Discuss National Electrical Code requirements for wiring methods pump 
motors. 

2, Explain the location requirements for water pump elaGtrical diseanneets. 
3* Show how to connect wiring for water pumps. 

4. Discuss wiring procedures for water pumps. 

5. Demonstrate the operation of the water pump. 

CRITERION REFERENCED MEASUREi 
Questionsi 

1. Dual element, time delay fuses must be rated at not more than 
percent of the full load current of the motor. ~ 

2. For a submersible pump the contains the motor's starting relay, 
overload protection, starting and running capacitors, lightning arrester, and 
terminals for making the necessary electrical connections. 

^' ^ — data and instructions furnished with the pump must be 
followed for proper wiring of the water pump. 
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PERFORMANCE OBJECTIVE V-TECS 119 (Continued) 



Answerss 

1* 125 

2. Controller 

3* Nameplate 

PERFORMANCE GUIDEi 

1- Locate installation point, 

2. Turn power off* 

3. Determine that power is off by ehecking conductor(s) at the point of 
connection(s) with voltage tester* 

4. Read manufactuper's installation instructions, 

5. Connect motor leads to wiring previously roughed in from the pump 
controller uiing suitable connectors and methods for conditions encountered, 

6. Replace covers on junction boxes or controller. 

7. Turn power on for water pump circuit* 

8. Turn pump controller on* 

9* Check that pump motor runs when power has been applied to motor. 
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DUTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 120 

TASKi Connect wires from junction box to appliance* 

STANDARD OF PERFORMANCE OF TASEi Wiring must be connected using 
methods required by the manufacturer and the National Eleetrical Code, Polarity 
must be correct and appliance must be grounded. The appliance must operate 
when the power is turned on. 

SOURCE OF STANDARDi Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Junction box 

2. Power source 

3. Previously roughed in wiring 

4, The baifc tool kit 

5* Installation/electrical materials, 

ENABLING OBJECTIVE(S): 

1. Select and use e: ?trical tools for the task, 

2, Interpret bluepri? drawings, 

RESOURCESs 

National Electrical Code, 1984, Articles 370-6j 18, 19* 430-145. 
Mullln, Eleotricai Wiring (Residential), p, 8, 

TEACHING ACTIVITIESs 

1, Discuss National Electrical Code requirements for wiring methods used for 
junction boxes, 

2* EKplain the location requirements for junction boxes, 

3* Show how to connect wiring for appliance using a junction box, 

4* Discuss wiring procedures for junction boxes, 

5* Demonstrate the operation of the appliance, 

CRITERION REFERENCED MEASURE: 
Questlonsi 

boxes are sometimes placed in a circuit for convenience in joining 

two or more cables or conduits, 

2, The v;iring contained in junction boxes shall be without having to 

remove any part of the building, 

3* All ^ entering a junction box are joined to other conductors entering 

the same box to form the proper hookups so that the circuit will operate in 
the manner intended, 

Answersi 

1, Junction 

2, Acceisible 

3, Conductors 
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PERPORMANCE OBJECTIVE V-TECS 120 (Continued) 



PERFORMANCE GUIDEi 

1. Locate installation point, 

2. Turn power off. 

3. Determine that power is off by eheeking eonductor{s) at the point of 
GQnnection(s) with voltafe tester. 

4. Read manufacturer's Initallatlon instructions. 

5. Cut conductors at wall box to leave six inches of free conductor. 

6* Run power cord from appliance to junction box through approved cord 
connector. 

7, Remove approximately three-fourths inch of insulation from each conductor. 

8, Make connections in junction box using correct connector and methods and 
observing correct polarity. 

9, Install cover on Junction box. 

10. Turn power on for appliance circuit, 

11. Turn appliance control switch on. 

12. Assure required operation. 

13. Turn appliance off. 
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DUTYs TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 
PERFORMANCE OBJECTIVE V-^TECS 121 

TASK: Connect/Install three way switches. 

STANDARD OF PERFORMANCE OF TASKs Light or other device must be 
GontroUed on or off from either switch location. Cover plate must be straight, 
aover the opening, and fit flush to the walL 

SOURCE OF OTANDARDi Tennessee Writing Team. 

CONDITIONS FOR PEHFORMANCE OF TASKs 
1- A pair of three way switches 

2, Powtr iouree 

3, Previously roughed in wiring 

4, The basic tool kit 

5, Installatibn/eleetrlcal materials. 

ENABLING OBJECTIVE(S)i 

1* Select and use electrical tools for the task, 
2* Interpret blueprint drawings* 

RESOURCESs 

National Electrical Code, 1984, Article 380-8, 
Mullin, ElectFlcal Wiring (Residenti^)» pp. 47-48, 

TEACHING ACTIVITIES: 

U Discuss National Electrical Code requirements for wiring methods used for 

three way switches, 
2, Explain the k^ation requirements for switches and boxes, 
3* Show how to aonnect wiring for three way switches, 
4. Discuss wiring procedurei for three way switches, 
5* Demonstrate the operation of the three way switches, 

CRITERION REFERENCED MEASURE: 
Quaitions; 

1, Three way switches are used to control a light or group of lights from 
_ or more locations* 

2, Three way switches contain _____ terminals for the conductors to be 
connected* 

3, List the names of the conductors that are connected to the three way 
switches. 

AnswaFsi 

1, Two 

2, Three 

3, Hot, switch leg* travelers (2) 



317 

313 



PERFORMANCE OBJECTIVE V-TECS 121 (Continued) 

PRACTICAL APPLipATIONs 

Conneot/install a three way switch followinf the National Eleotrioal Standard. 

METHOD OP EVALUATING PRACTICAL APPLICATIONi 

Use the Checklist for Performance Objeotlve 121 to determine if the agsffnment 
was completed with at least an 80 percent aoeuracy, 

PERFORMANCE GUIDEi 

1, Locate installation point, 

2, Turn power off* 

3, Detepmine that power is off by checking oonductor(s} at the point of 
connection(s) with voltage tester. 

4* Read manufaeturer'i installation initructions. 

5* Cut conductor at wall box to leave six inches of free conductor* 

6. Remove approximately three-fourths inch of insulation from each conductor, 

7. Identify conductors* 

8* Connect source or hot lead to identified switch terminal at one switch 
location, 

9* Connect travelers to either of other two terminals on switch* 
10* Connect switched leg to identified switch terminals at second switch 
location* 

11, Connect traveler to either of other two terminals at second switch location. 

12, Attach switches to wall boxes, 

13, Install cover plates* 

14, Turn power on. 

15, Assure required operation of switch at both locations. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 121 EVALUATION 
PERFORMANCE TEST FOR CONNECTING/INSTALLING THREE-WAY SWITCHES 



Student's Name 
DIRECTIONS TO STUDENTi 



Date 



Connect/Install a three way switch followinf the 
National Electrical Code Standard using the checklist 



below 



DIRECTIONS TO EVALUATORi Observe the student. Pay close at.,ntion to the items 

to be evaluated. The student is to complete the task 
m a reasonable amount of time as would be required 
on the Job. Mastery will be determined with an 80 
percent proficiency level on the cheeklist. 



ITEMS TO BE EVALUATED Satisfactory Unaatlsfaotory 



1* Prepared oonduetors for eonneation to device. 

2, Selected oorreet device. 

3. Prepared device for oonnections. 

4. Proper connections performed, 

5, Checked device for proper operation. 

6* Performed proper troubleshooting techniques. 

T, Made a list of materials used. 

8, Cleaned up work area. 

9* Followed all safety procedures. 
APPROVED: Yes No 



EvaluatOF's SignatuFe 



Data 
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DUTYi TRIMMmG OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 122 

TASKS Connect/install four way switches. 

STANDARD OF PERFORMANCE OF TASKi Connections must be made using 
methods and connectors required by manufacturer and the National Electrical 
Code* Light or other device must be controlled on or off from either switch 
location. Cover plate must be straight, cover the opening, and fit flush to the 
wall* 

SOURCE OF STANDARDS Tenneisee Writing Tfcam, 

CONDITIONS FOR PERFORMANCE OF TASKi 
1- Four way switch 

2, Power source 

3, Ppeviously installed wiring 

4, The basic tool kit 

5* Installation/electrical materials. 

ENABLING OBJECTIVE(S)i 

1. Select and use electrical tools for the task* 

2. Interpret blueprint drawings. 

RESOURCES: 

Nation^ EteatHoal Coda, 1984, Article 380-8. 
MuUin, Eleotrioal Wiring (Residential), pp, 48-49, 

TEACHING ACTIVlTIESi 

1, Diseuss National Electrical Code requirements for wiring methods used for 
four way switehei. 

2, Explain the location requirements for switches and boxes* 
3* Show how to connect wiring for four way switches* 

4, Diicuss wiring procedures for four way switches* 

5* Demonstrate the operation of the four way switches, 

CRITERION REPEREKCED MEASURE: 
Questional 

1, Four way switches are used to control a light or group of lights from 

or more locations. 

2* Four way switches contain ^ terminals for the conductors to be 

connected. 

3, Conduetors that are connected to the three way switches are called 



Answersi 
1- Two 

2. Four 

3. Travelers 
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PERFORMANCE OBJECTIVE V-TECS 122 (Continued) 



PRACTICAL APPLICATIONi 

Conneot/install a four way switch following the National Electrical Code 
Standard, 

METHOD OP EVALUATING PRACTICAL APPLICATIONi 

Use the Cheekliit for Performanca Objective 122 to determine if the aasifnment 
was completed with at least an 80 percent accuracy, 

PERFORMANCE GUIDEi 

1* Locate installation point, 
2* Turn power off, 

3. Determine that power is off by cheekinj conductor(s) at the point of 
oonnection{s) with voltage tester. 

4. Read manufacturer's Installation instructions. 

5. Cut conductor at wall box to leave six inches of free conductor. 

S. Remove outer sheath leaving approximately one-half inch protruding to 
remains in box. 

7. Remove approximately three-fourths inch of insulation from each conductor. 

8. Identify conductors (at least four), 

9. Connect conductors to appropriate terminal on switch as per diagram 
supplied by switch manufacturer, 

10. Attach switch to wall box. 
11* Install cover plate* 

12. Turn power on, 

13. Operate switch at each location to determine if circuit can be turned on and 
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CHECKLIST FOR PERFORMANCE OBJECTrVE V-TECS 122 EVALUATION 
PERFORMANCE TEST FOR CONNECTING/INSTALLING FOUR WAY SWITCHES 



Student's Name Dats 

DIRECTIONS TO STUDENT: Connect/instan a four way switch following tha 

National Electrical Code Standard using the checklist 
below. 



DIRECTIONS TO EVALUATORj Observe the student. Pay close attention to the items 

to be evaluated. The student is to complete the task 
in a reasonable amount of time as would be required 
on the job* Mastery will be determined with an 80 
percent proficiency level on the checklist. 



ITEMS TO BE EVALUATED Satisf aeto^ Unsatisfactory 

1* Prepared conductors for connection to device. 

2. Selected correct device. 

3. Prepared device for connections. 

4. Proper connections performed* 

5* Checked device for proper operation, 

6, Performed proper troubleshooting techniques* 

7, Made a list of materials used* 

8, Cleaned up work area* 

9, Followed all safety procedures, 

APPROVEDi Yes No 

Evaluator's Signature ~ Data ^ 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 123 
TASKs Install surface raceway, 

STANDARD OF PERFORMANCE OF TASK? Siurface raceway must be securely 
attached to the building structure using clips or straps designed for the system 
being installed. The installation of the siirface raceway must meet the 
requirements as outlined by the National Elef^trieal Code (Artiele 352) and the 
local authority having Jurisdiction. 

SOURCE OF OTANDARD: 

Tennesiae Writing Team, 

Nfttlon^ Electrioal Codap pp. 208-210. 

CONDITIONS FOR PERFORMANCE OF TASEi 

1, Surface raceway 

2, Power source 

3, The basic tool kit 

4, Initallatlon/electrical materials, 

ENABLING OBJECTIVE(S)s 

1, Select and use electrical tools for the task, 
2* Interpret blueprint drawings, 

RESOURCESi 

Nmtional Eleotrio&I Code, 1984, Articles 348, 352. 

MuUin, Elaotrloal Wirinf (Comfnercial), pp, 91-93^ 119-120, 

TEACHING ACTIVITIESi 

1* Discuss National Electrical Code requirements for installing surface 
raceway, 

2- Explain the location requirements for surface raceways* 

3. Show how to connect raceway iem% wire mold) using connectors, couplings, 
and straps* 

4. Discuss installation procedures for surface raceway, 
5* Demonstrate the Installation of the surface raceway. 
6. Show how to pull conductors in raceway, 

CRITERION REFERENCED MEASURE^ 
Questional 

1. Electrical metallic tubing shall be strapped within every feet and 

within ^ of a junction box. 

2. A run of emt between outlets shall not exceed the equivalency of ^ 

degrees in bands, 

3. The number of conductors permitted in emt shall not exceed the percentage 
fill specified in Table Chapter of the NEC, 
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PERFORMANCE OBJECTIVE V-TECS 123 (Continued) 



1. Ten, three 

2. 360 

3. 1, 9 

PERFORMANCE GUIDEi 

1. Loeate installation point, 

2. Turn ptjwer off* 

3* Determine that power Is off by checking conduator(s) at point of 
aonneQtion(s) with voltage tester, 

4. Read manufacturer's instructions* 

5. Attach junction box to cable or conduit that Is going to supply surfaee 
raceway* 

6. Attach junction box to building structure, 

?• Attach lengths of surface raceway to bulldinf structure enough to complete 
desired circuit using clips, clamps, coupling, etc., designed for sighting being 
installed, 

8* Install circuit conductor in raceway* 

9* Make wiring connections using terminals or connectors suitable for 
conditions encountered, 
10* Install all cover plates* 
11- Turn power on. 
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DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 124 

TASEi Connect 120/240 oiraults to circuit breaker panel using nonmetallie cable* 

STANDARD OF PERFORMANCE OF TASKi Cables must enter panel through 
approved type connectors. Circuit conductors must be attached to correct size 
breaker. 

SOURCE OF STANDARD; Tennessee Writing Team, 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, Cables in circuit breaker panel for 120/240 bolt circuits 

2, The basic tool kit 

3, Installation/electrical materials* 

ENABLING OBJECTIVE(S)i 

1* Select and use electrical tools for the task* 
2, Interpret blueprint drawings* 

RESOURCESi 

National Electrical Code^ 1984^ Article 240* 
MuUin* Eleetrioal Wiring (Resident lal), pp, 254-255* 

TEACHING ACTIVITIESi 

1, Disouis National Electrical Code requirements for connecting 120/240 volt 
circuits to circuit breaker. 

2* Explain the location requirements for circuit breakers. 
3* Show how to connect conductors to circuit breakers. 
4* Discuss installation procedures for circuit breakers, 
5, Demonstrate the installation of the circuit breaker. 

CRITERION REFERENCED MEASUREi 
Questional 

1- Installations in dwellings normally use circuit breakers. 

2. Circuit breakers shall be trip free so that even If the handle Is held In the ON 
position* the Internal mechanism will trip to the position* 

3* single pole breakerCs) or double breaker(s) is(are) used to 

control a 240 volt circuit* 

Answersi 

1* Thermalmagnetic 

2. OFF 

3. 2, 1 

PRACTICAL APPLICATIONi 

Connect 120/240 circuits to circuit breaker panel using nonmetalliG cable 
following the National Electrical Code Standard. 
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PERFOaMANCE OBJECTIVE V-TECS 124 (Continued) 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Usa tha Checklist for Performance Objective 124 to determine if the aispmetlt 
was eompleted with at least an 80 percent accuracy, 

PERFORMANCE GUIDEi 

1. Locate installation point, 
J 2. Turn power off. 

3. Datermine that power Is off by ehecking eonductors at points of 
connectlon(s) with voltage tester. 

4. Detarmlne that cables have entered box through approved connector* 

5. Remove outer jacket from each cable back to point just inslda box wh^fe 
cable enters box* 

6. Identify each cable as to circuit It is to serve. 

7. Identify conductors In each cable. In two wire cables that are to iirve 240 
volt circuits, the white wire must be taped or painted some other oolof, 
usually red* 

8. Connect all bare or freen grounding conductors to grounding terminal bart 

9. For 120 volt circuital connect white conductors to neutral bar, 

10. Connect all 120 volt circuits to single pole breaker of the correct ampaoity, 

11. Connect all 240 volt circuits to double pole breaker of the correct ampacity* 

12. Using multimetefi cheek each circuit for shorts and grounds* 

13. If all circuits have been connectedp attach cover to panel. 

14. Turn power on, 

IS* Check each circuit. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 124 EVALUATION 

PERFORMANCE TEST FOR CONNECTING 120/240 CIRCUITS TO CIRCUIT BREAKER 

PANEL USING NONMETALLIC CABLE 

Student-s Name Date 

DIRECTIONS TO STUDENTi Connect 120/240 circuits to circuit breaker panel 

using a nonmetallic cable* Follow the National 
Electrical Code Standard and use the oheckllst below, 

DIRECTIONS TO EVALUATORi Observe the student. Pay close attention to the items 

to be evaluated* The student Is to complete the task 
in a reasonable amount of time as would be required 
on the job* Mastery will be determined with an 80 
peroent proficiency level on the checklist. 

ITEMS TO BE EVALUATED Satisfactory Unsatisfactory 



1* Prepared conductors for connection to breaker. 

2* Selected correct size breaker and type* 

3* Prepared breaker for connections* 

4, Proper connections performed. 

5. Checked breaker for proper operation. 

6* Performed proper troubleshooting techniques. 

7* Made a list of materials used* 

8. Cleaned up work area* 

9, Followed all safety procedures. 
APPROVEDj Yes No 



Evaluator's Signature 



Date 



DUTY; TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 125 
TASK; Make fixture splice. 

STANDARD OF PERFORMANCE OF TASK: Splice must be made in outlet box 
using conneGtors or other means suitable for the fixtures being installed. Spliee 
must be mechanically strong and insulated electrically to withstand applied 
voltage* The splice must meet the requirements as outlined by the National 
Electrieal Code (Article 410-11, 410-23, and 410-32) and the local authority havine 
juriadietion. 

SOURCE OF STANDARDi 

Tennessee Writing Teamt 

National Electrieal Code, pp, 269, 274. 

CONDITIONS FOR PERFORMANCE OF TASKi 
1* A power source 

2. The basic tool kit 

3. installation/electrical materials* 

ENABLING OBJECTIVE{S)s 

1. Select and use electrical tools for the task. 

2. Interpret blueprint drawings, 

RESOURCESi 

Nationml Electrieal Code» 1984^ Article 402. 
Mullin, Eleetrical Wiring (Residential), p. 9. 

TEACHING ACTIVITIES: 

1. Discuss National Electrical Code requirements for connecting wiring for 
light fixtures. 

2. Explain the difference in the neutral and the hot conductors. 

3. Show how to connect conductors to the fixture, 

4. Diseuss installation procedures for the fixture, 

5. Demonstrate the Installation of the light fixture* 

CRITERION REFERENCED MEASURE: 
Questions: 

1. Fixture wires shall be of the type listed in Table ^ of the National 

Electrieal Code, 

2. Fixture wires shall not be smaller than Number , 

3. The fixture wire that Is intended to be used as a grounded conductor shall be 
identified by means of _____ or colored insulation. 

Answers: 

1. 402-3 

2. 18 

3. Stripes 



328 

324 



DUTYi TRIMMING OUT (FINISHING) ELECTRICAL DEVICES AND APPLIANCES 



PERFORMANCE OBJECTIVE V-TECS 125 
TASKi Make fixture splice, 

STANDARD OF PERFORMANCE OF TASKi Splice must be made in wutlet box 
using connectors or other means suitable for the fixtures being installed. Splice 
must be mechanically stronf and insulated electrically to withstand applied 
voltage. The ipllee must meet the requirements as outlined by the National 
Eleotrical Code (Article 410-11, 410-23, and 410-32) and the local authority having 
Jurisdiction, 

SOURCE OF STANDARD? 

Tennessee Writing Team, 

National Eleotrical Codes PP* 269, 274. 

CONDITIONS FOR PERFORMANCE OF TASKi 

1, A power source 

2, The basic tool kit 

3, Installation/electrlaal materials* 

ENABLING OBJECTIVE{S): 

1* Select and use electrical tools for the task, 
2» Interpret blueprint drawings, 

RESOURCESi 

National Electrieal Code^ 1984, Article 402, 
MuUin, EleotFtoal Wiring (Residential}, p. 9. 

TEACHING ACTIVITIES: 

1* Discuss National Electrical Code requirements for connecting wiring for 
light fiKtures. 

2. Explain the difference in the neutral and the hot conductors, 

3, Show how to connect conductors to the f iKture, 
4* Discuss installation procedures for the fixture, 
S, Demonstrate the initallation of the light fixture* 

CRITERION REFERENCED MEASUREi 
Questional 

1. Fixture wires shall be of the type listed in Table of the National 

Electrical Code* 

2. Fixture wires shall not be smaller than Number 

3. The f ixture wire that is intended to be used as abounded conductor shall be 
identified by means of or colored insulation, 

AnsweFsi 

1, 402-3 

2, 18 

3, Stripes 
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PERFORMANCE OBJECTIVE V-TECS 125 (Continued) 



PRACTICAL APPLICATIONS 

Make a fixture spliee followinf the National Eleatrical Code Standard. 

METHOD OF EVALUATING PRACTICAL APPLICATIONi 

Use the Cheekliat for Performanee Objective 125 to determine If the aisignment 
was oompleted with at least an 80 percent aoeuracy, 

PERFORMANCE GUIDEi 

1. Locate installation point- 

2, Turn power off. 

3* Determine that power is off by checking conductor(s) at the point of 
connection(s) with voltage tester* 

4, Determine wiring connection to be made observing polarity, 

5, Remove approximately three-fourths inch of insulation from each conductor* 

6, Connect fixture wires to circuit conductors using wire nut or other approved 
connector, 

7* Check connection for mechanical strength by pulling on each conductor, 
8* Tape or otherwise insulate connection to withstand applied voltage. 
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CHECKLIST FOR PERFORMANCE OBJECTIVE V-TECS 125 EVALUATION 
PERFORMANCE TEST FOR MAKING A FIXTURE SPLICE 



Student's Name Date 

DIRECTIONS TO STUDENTi Make a fixture splice following the National 

Electrical Code Standard using the checklist below, 

DIRECTIONS TO E VALUATOR! Observe the student* Pay elose attention to the items 

to be evaluated. The student is to complete the task 
in a reasonable amount of time as would be required 
on the job. Mastery will be determined with an 80 
percent proficiency level on the checklist* 

ITEMS TO BE EVALUATED Satlsfaetory Unsatisfactory 

1* Prepared conductors for connection to fixture* 

2. Selected correct size wire nuts to Join con^ 

ductors together* 

3* Prepared fixture for Installation. 

4, Proper connections performed* 

5, Checked fixture for proper operation* 

6, Performed proper troubleshooting techniques. 

7* Made a list of materials used* 

8* Cleaned up work area. 

9* Followed all safety procedures. 

APPROVED: Yes ^ No ^ 

Bvaluator's Signature ' pata ~ 
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CROS^REFERENCE OF DUTIES, TASKS AND 
PERFORMANCE OBJECTIVES 



333 



APPENDIX A 



CROSS-REFERENCE TABLE OF DUTIES, 
TASKS* AND PERFORMANCE 
OBJECTIVES 



The purpose of this table Is to arois-referenoe changes made since compiling the 
original task inventory and completing the survey of incumbent workers* The 
information contained in the Cross-^Reference Table is described below. The 
information is intended primarily for use in computerizing the catalog of performance 
objectives and performance guides for retrieval by various educational audiences, 

* By a Task Number, indicates a performance 

objective was not writteni however, stanine 
values appear under the Dictionary of 
Ooeupational Titles 4th ed. (DOT) code. 
(See No. 4 below regarding stanine value(s)*) 

2, (XXX) With Task Numbers Indicate tasks that were 

combined to generate a performance objective, 
Examplei A3 (A4), All combined tasks must 
be common to the same DOT code, 

3* Dutiesi tasks, and stanine values by DOT to be 

included in the Cross-Reference Table of 
Duties, TaskSi and Performance Objectives are 
to be taken from the Task Worksheets, 

Stanine values are assigned by Individual DOTs 
to indicate the relative amount of time spent 
performing the tasks which were converted to 
objectives, Stanine values range from nine 
(most amount of time spent) to one (least 
amount of time spent). Percentages of tasks 
by time spent which oorrespond to each stanine 
value are as follows^ 

Cumulative Percent 
of Total Tasks 

4.0 (Upper) 

7.0 
12,0 
17.0 

20*0 (Middle) 
17,0 
12,0 
7,0 

4,0 (Lower) 

Total 

Percent 100,00 



Stanine Values 



9 
8 
7 
6 
5 
4 
3 
2 
1 
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CROM-REFERENCE TABLE OF 
DUTIES, TASKS, AND PERFORMANCE OBJECTIVES 



Projeet Codei 3U1 

OE Codes 17,102 Eleetrieity 

DOT Codei 824,261-010 Electrician (E) 

829,684-022 Electrleian Helper (EH) 

85 Respondents 



Duty/Task 



Computing ierviee loads 

01 Balance the total load per 
phase* (Balance the total 
load per Itf). 

02 Calculate individual circuit 
load, (Calculate Individual 
circuit loads). 

03 Compute the size of service 
entranoe conductors* 

04 Determine how many convenience 
and anpUanoe outlets should be 
on each separate olrcuit. 

Installing electrical environmental 
control components* 

01 Connect/install baaebow] heat 
unit. (Connect baseboard heat 
unit), 

02 Connect ceiling heat cable to 
thermostat, (Connect celling 
heating cable), 

03 Connect eentral eleotrlc heat. 

04 Connect furnace motor* (Con^ 
nect furnace motors), 

05 Connect/Install or oil 
fired heating unit. (Connect 
gas fired heating units). 



E. E.H. 

P.O*/ Stanlne Stanine 

Page Values Values 

Number Time Spent Time Spent 

1/10 5 4 

2/12 6 4 

3/14 5 4 

4/16 6 5 

5/19 5 6 

6/22 4 4 

7/24 6 6 

8/27 5 4 

9/30 5 4 
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Duty/Task 



Duty B continued 

06 Connect line voltage thepmo- 
Stat. (Conneot line voltage 
thermostat). 

07 Connect low voltage thermo^ 
Stat* 

08 Conneet/install waU heater. 
(Conneot wall heater)* 

09 Install oellinf heat eable. 
(Install ceiling heating cable). 

C, Installing lighting fixtures, 

01 Install/connect fan controlled 
by switch* (Connect fan con^ 
trolled by switch). 

02 Connect/install Ho^ lights. 
(Connect flood lights)* 

03 Connect/install lighting dimmer 
system, (Connect fluorescent 
lighting fixture dimmer)* 

04 Install/connect heat-a-=vent 
li^t (connect heat-advent 
light), 

05 Connect/install li^t fijcture* 
(Connect light fixtures), 

06 Install/connect phot^eleotrio 
control on a light, (Connect 
photo-electric control on a 
light). 

07 Connect/install post li^ti, 
(Connect post lights). 

08 Install/connect powar failure 
lighting* (Connect power failure 
lighting). 



P.O./ 

Page 
Number 



10/33 
11/36 
12/39 
13/42 



14/46 
15/49 

16/52 

17/55 
18/58 

19/61 
20/64 

21/67 



E> E.H. 

Stanine Stanine 
Values Values 

Time Spent Time Spent 



7 
6 



6 
9 

7 
6 



5 
5 
6 
5 



8 
6 



6 
9 

S 
5 
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ERIC 



E* E*H« 

Duty/Task P.O./ Stanine Stanlne 

Page Values Values 

Numbep Time Spent Time Spent 



Duty C eontinued 

09 Install/connect moiiture reels- 
tarit flxtiiFes« (Install moistupe 

resistant fixtures). 22/70 5 7 

10 Install/eonneet pilot light 

to show when applianGe is on. 

(Install pilot light). 23/73 4 5 

D, Installing service entrance 

01 Ground iervice entrance equips 

ment. 24/77 7 6 

02 Install circuit breakers in 

panel. 25/79 9 9 

03 Install main service panel. 
(Install distribution panel 

board). 26/81 9 7 

04 Install mast-type (through the 

roof) iervice entrance. 27/83 7 6 

05 Install main service disconnect. 

(Install master switch). 28/85 6 5 

06 Install/connect mobile home 
sen^ice. (Install mobile home 

service). 29/87 5 4 

07 Install service entrance cable 
to service drop. (Install ser- 
vice entrance cables to service 

drop). 30/89 S 5 

08 Install temporary servioe 

entrance. 31/91 6 6 

09 Install underground sei^ice 

entrance. 32/95 6 5 

E. Installing switch boxes and outlet 
boxes 

01 Install (bar^hanger) mounted 

box. 33/98 e 7 
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Duty/Task P.O./ Stanine Stanine 



Page Values Values 

Number Time Spent Time Spent 



Duty E eontlnued 



02 Install flusli mount Junotlon 

l^3C. 34/101 7 9 

03 Initall flush mount switch 
and outlet box in a dry walli 
lath or plaster wall, or 
paneled wall, (Install flush 
mount switch and outlet box in 

a dpywall). 35/103 8 9 

04 Install flush mount switch and 

outlet boxes in a masonry wall, 36/106 9 9 

05 Install ganpible boxes, 37/109 7 7 

06 Install oota^n outlet tex. 38/111 8 8 

07 Install outlet boxes for 

receptaolers and switehes in 
exiiting wall, (Install 
reeeptaoles and switches in old 

wall). 39/113 7 8 

08 Install raoessed fiztura housing 
in oeilinf, (Install reoessed 

fixture box in ceiling), 40/116 8 7 

09 Install surface mount junotion 

box, 41/118 8 8 

10 Install underground, watertight, 
cast Iron box, (Install water- 
tight, oast Iron box underground), 42/120 5 4 

F* Maintaining existing wiring. 

01 Diagnose/ repair fluoreseent 
fixture. (Repair fluoreseent 

fixture), 43/123 7 8 

02 Diagnose and repair/replace 

lights. (Repair lights), 44/126 8 8 

03 Repair/replace relays and 
timers, (Repair relays and 

timers), 45/129 5 4 
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EKLC 



Duty/Task 



Duty F eontlnued 

04 Repair watar heater, (Repair 
water heaters). 

05 Install and maintain eEnargenoy 
lightingp (Repair/replaoe 
emergeney llfhting). 

06 Repair or replace frayed 
sarvioe cordB* (Repair/replaee 
frayed serviee eords)* 

07 Replaoe existing interior load 
center (Replaoe an existing In^ 
terior load center)* 

08 Replace cable. 

09 Replace oifcuit breakei^ 

10 Replaoe existing raoeptaole 
or switch, (Replace existinf 
receptacle and switch). 

11 Replace fuses. 

12 Replace grounding electrode 
conductor. 

13 Replaoe pilot li^t bulb. 

14 Replace saFvioe entranoe, 

15 Replace tranaformer^ (Replace 
transformers), 

16 Service electric motors, 

17 Test for correct volt^^, 

18 Troubleihoot a branch circuit. 
G* Operating buslnesi 

01 Develop employee work schedules 

02 Develop/maintain filing system. 



P.O*/ Stanlne Stanlne 

Page Values Values 

Number Time Spent Time Spent 

46/131 5 5 

47/135 4 4 

48/137 4 6 

49/139 6 5 

50/141 6 5 

51/143 7 8 

52/14S a 8 

53/147 6 8 

54/149 4 4 

55/151 4 4 

56/153 7 5 

57/157 4 6 

58/159 4 4 

59/161 6 6 

60/162 8 6 

61/166 3 2 

62/168 2 2 
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Duty/Task 



Duty G continued 

03 Establish and record pay soale 
and bpnefits for employeei. 
(Establish and record pay scale 
and benefits for workers), 

04 Estimate cost of job, 

05 Terminate employee* (Fire 
workers)* 

06 Hire employee* (Hire workers)* 

07 Maintain time reeords* 

08 Negotiate oredit* 

09 Obtain Insuranoe. 

10 Prepare payroll records* 

11 Take Inventory of materials and 
tools* (Take inventory of 
material and tools)* 

H. Roughing in feeders^ branch circuit 
cables, and circuits- 

01 Rough in 120 ©r 240 volt eii^ 
ouits to distribution panel using 
non^metallie sheathed cable, 
(N.M*C*)* (Connect 120 volt 
circuits to circuit breaker 
panel using non-metallic 
sheathed cable). 

02 Rough in armored cable to out- 
let box* (Install armored cable 
to outlet box)* 

03 Rough in cable between an 
esiiting box and newly in* 
stalled box, (Install cable 
between an existing box and new 
ly installed box). 



E. E,H, 

P.O./ Stanine Stanine 

Page Values Values 

Number Time Spent Time Spent 

63/170 2 1 

64/172 4 1 

65/174 2 2 

66/176 2 1 

67/178 3 3 

68/180 3 1 

69/182 3 2 

70/184 2 2 

71/186 4 3 

72/189 7 7 

73/191 4 6 

74/194 6 7 
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Duty/Task 



Duty H continued 

04 Rough in oable or conduit fop 
branoh eirouits* (Install cable 
or conduit for branch circuits). 

05 Rough in the circuit for a 
davioe ODntroll^ by two three^ 
way switohei with feed to the 
switch box. (Install device 
dontroUed by two three way 
switches with feed to the 
switch box)* 

06 Rough In the oireuit for a de^ 
vice controlled by two thfee-- 
way switches with feed to the 
device outlet box, ({Install 
device controlled by two three^ 
way switches with feed to the 
light box)* 

07 Rough in the eircuit for a 
device controlled by two three- 
way switches and one four way 
switch (with feed to a three- 
way switch). Install device 
controlled by two three way 
switches and one four way 
switch with feed to a 3-way 
iwitch). 

08 Rough in the circuit for a de- 
vice controlled by two three way 
switches and one four way switch 
with feed to the device, (Install 
device controlled by two three- 
way switches and one four way 
switch with feed to the light). 

09 Rough in the cirouit for a de- 
vice controlled by two three^ 
way switches and two four way 
switohei with feed to a three- 
way switch* (Install device 
controlled by two three way 
switches and two four way 
switches with feed to a 3-way 
switch). 



E,H* E.H. 

P.O./ Stanine Stanine 

Page Values Values 

Number Time Spent Time Spent 

75/197 9 7 

76/200 8 6 

77/203 7 6 

78/206 6 5 

79/209 5 5 

80/212 5 S 
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Duty/Task 



H continued 

10 Rough in the elrcuit for door 
chime system. (Install door 
chime system). 

11 Rough In the cifcuit for Intep- 
Qom system^ (Install intercom 
system). 

12 Rough in line voltage therinoitat 
wiringp (Install line voltage 
thermostat wiring), 

13 Rough in low^voltage thermostat 
wiring. (Install low^voltage 
thermostat wiring)* 

14 Rough In non^metallie cable in 
outlet bo5ces. (Install non-- 
metallic cables in outlet boxes). 

15 Rough in duplex reoeptacles 
circuits with two three way 
switches controlling one-half 

of each of two duplex receptacles. 
(Install reoeptacles with two- 
three way switches controlling 
one half of two receptacles*) 

16 Rough in cables for single pole 
switch controlling one or more 
lights or devices with feed to a 
switch box. (Install single pole 
switch controlling one or more 
lights/devices with feed to a 
switch box)* 

17 Rough in cables for single pole 
switch controlling one or more 
lights /rfevices with a feed to 
the lipht/device box. (Install 
single pole iwitch controlling 
one or more lights/devices with 
a feed to the light box). 



E.H* 

P*0*/ Stanlne Stanine 

Page Values Values 

Number Time Spent Time Spent 

81/215 6 6 

82/218 5 4 

83/220 5 5 

84/223 5 5 

S5/225 6 6 

86/228 5 5 

87/231 7 6 

88/234 7 7 
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D~ tjty/Task 



Duty H continued 

18 Rough in olrauit for a single 
pole SHwitoh eontroUIng three 
lights deviees with feed to 
the en&c3 light device box* 
(Instal^^ single pole switch 
contro *lling three lights or 
device^-s with a feed to the end 
light b*-oK). 

19 Rough in a oireult for a split 
cireiii^^ duplex receptacle, 
(InstsllM split eircult duplex 
recapt^^ele), 

20 Rough in circuit for two three-- 
way swvitches controlling one de^ 
vice us^ing conduit and 4** square 
boxes Mfl/ith plaiter rings* 
(Installs two three way switches 
eontroffl.ling one device using 
condui^^ and 4" square boxes with 
plast#P * rings circuitry and 
boKM)* 

21 Install «^onduit under^ound. 
(Install underground conduit). 

22 Rough Hn direct burial cable, 
(Install underground direct 
burial ^able). 

23 Make j^^int using crimp type 
connaO^Sors (splices). Make 
joints U;^ising crimp type con-- 
nectofs^ (splices)* 

24 Makt pSgtall splice (joint)* 

25 Makt i^^Iices using mechanical- 
type corainectors (split bolt 
oonnecteors, lugs, and wire nuts), 

26 Rough a single pole switch 
circuiti (Rough in a single pole 
switch)* 



E* EM. 

P.O./ StaninP Stanirie 
Page Values VaiUi^s 

Number Time Spejit Time Sptnt 



89/237 6 5 

90/240 5 5 

91/242 6 5 

92/244 9 9 

93/246 6 S 

94/249 5 6 

95/251 6 8 

96/253 9 9 

97/255 8 8 



Duty/Tailc - 



Duty H eontinuecS 

27 Run f^^er cflb**!© from main 
serviee pantl tc^D auxIHary 
panel* (Run feeder cable from 
main panel to fca^uxlHary panel), 

L Trimming out (finiifcriing) electrioal 
devlees and applianc^es, 

01 InstaH/oonnt0t automatic garase 
door operatof* (Connect auto- 
matic garage d^sor operator). 

02 Connect da-iciwag equipment. 

03 Connect door oSilme iystem. 

04* Connect/initall duplex 

receptacla outl^=ti, (Connect 
dupleK reeiptattles)* 

05 Connect/initall aleptrio fenoe 
charger. (Conn^^et electrio 
fence charger). 

06* Conneet/initall emergeney warn- 
Jng sj3teni (bur^^lar or fire)* 
(Connect einef|»^^nGy warning 
system , burglar or fire). 

07 Connect/install four wire 220 
volt reoeptaola, (Connect four 
wire 220 V rece^ptaeles). 

08 Instail/conneot ^^ ound fault 
intemipting dtv^ce* (Connect 
ground fault Int^srrupting de- 
vice), 

09 Install/connect teaot water heater* 
(Connect hot wt~ter heater). 

10 Conneot/Install Kiumidity control 
device* (Conneo t humidity con- 
trol device)* 

11 Connect Intercor^ systenn. 



P,0/ Stanlne Stanlne 

Page Values Values 

Number Time Spent Time Spent 

98/258 7 6 

99/262 5 4 

100/264 2 3 

101/266 5 6 

102/268 8 9 

103/271 2 2 

104/273 5 6 

105/275 5 6 

108/2 7 8 7 7 

107/281 8 7 

108/2 8 3 4 3 

109/285 S 4 
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Duty/Task P.O./ Stanini Stafiiane 

Page Values Valu Jies 

Number Time Spent Tirnfi Spent 

Duty I continued 

12 Connect low-^voltage lifting 
control. (Connect low voltafe 

lightinf controls). 1 1 0/287 4 4 

13 Connect moiitufe reeistant 

receptacle, 111/289 5 5 

14 Install/connect photc^eleetria 
ceU oontfoL (Connect photo- 

electric cell control)* 112/291 6 5 

15 Connect Fecessed fixture box In 

ceilinf. 113/293 8 7 

16 Connect single ^le switch* 114/295 9 8 

17 Connect/Install single pole 
switoh with pilot light. (Con- 
nect single pole s witch with 

pilot light). 115/298 5 5 

18 Connect split circuit duplex 

receptacle, 116/301 5 5 

19 Connect/install three wire 220 
volt receptaola, (Connect three 

wire 220 V receptacles). 117/304 7 6 

20 Connect/install delayed action 
or time switch* (Connect timer 

or delayed switch). 118/307 5 4 

21 Connect water pump motor* 119/309 4 4 

22 Connect wires from junction box 

to appliance, 120/311 6 7 

23 Connect/Install three way 
switches* (Connect 3'-way 

switches)* 121/313 8 - 6 

24 Connect/initall four way 
switches. (Connect 4^way 

switches), 122/316 6 6 
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Duty/Task 



Duty I doantinued 

25 Install surfaoe raoeway. 
(Install surfaee paeeways). 

26 Connect 120/240 oireuiti to 
eirouit breaker panel using 
non-metallic cable, (Install 
120 volt circuits to elrcuit 
breaker panel using non- 
metallic sheathed cable). 

27 Make fixture splice. 



E. 

P.O./ Stanine 
Page Values 
Number Time Spent 



123/319 



124/321 
125/324 



31 

Values 
Tiwe Spent 



S 
S 
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APP_^NDIX B 



DEFINITIC3N OP TERMS 



laitg.^iLiiti A cOlleotlon of tools developed fpom the occupational inventory 
equjprn ent and tooM. list, Belsr to Appendi-zsc A. 

CM^Sgi A CO m P»eherisl w collect ion of perfopmance objectives, performance guides, 
and reiaied data «-«rB%fi»»!l by a job stp-ucture or career ladder within a domain of 
interest. 

fionagrtjii! A gr^up of jtati agenoies, isnstitutlons, or other entities which have been 
lefally constituted thcOMgUitters of coenmitment, agreements, op by assignment of 
higher BUthopiti^g tec worfe io|ether towarii the solution of problems in education. 

flortj|in! A group tof reiat iijob titles. 

Qj^^a^^i h niEHe-qlgtiBiimber asiigne— d in the Dictionary of Occupational Titles . U. 
S. DepMinent of Wabor, ^nJused to identi-rfy a specific Job within a given domain. 

Dutjj* A major segs^ent Qrfwk comprising related tasks. 

Job: A pup of ta^ks petrfoied by a job iwicumbent. 



QccyB^ltalL^pgato A |Paipof jobs that are related on the basis of required skills and 
knowieagei 

Sa^eaSteUflS^^SlX OaiUnventory Bo-^klet): A survey instpument eontainlnff tasks 
perfofitkf by job ii»^umHait!with D.O.T,s» complete with background information and a 
list of tcolsand e^twipm^n^, 



^ _ — _am^t^i poedure for collecting data to identify the duties and tasks 
that dotaprse one moP^fe job types, -or career field ladders, for the collection and 
analysis odnforinattion cQmm\n$ such dut^ies. 

EeE£ayftJ£tBa|gl_jnsjXM^ InstruetiOMn which, when properly designed and applied, 
results an the leaPeier's d^iinitration of certain abilities. The desired abilities are 
seleotea tifore th*^ msti-uctlon is desifit-«d and are clearly defined as observable 
perfQrmancB object- lyes, IbV-teCS catal^ogs, the abilities are primarily psychomotor 
but might also incJu*-ae etftwlllvi and affectKve behaviors. This type of instruetlon is also 
refeprett to as eon»p*-«teriey^t5sed InstruetiOtti. 

Ptfifs£nUiei.euide (PQ); A series of steps, arranged in a sequence ordinarily followed 
which, *»lieiieomple-^t#d, m^insult in the p-erformanee of a task. 

ElliafimaitflMs^lie (POIi a statement in precise, measurable terms of a particular 
be^lavIO^ tebe eJchihi^iteti b^iliarner under specified conditions. 

EEsitsi- Anocciipa ,-tional rtain area sele-^ted by a V-TECS member state for catalog 
T?tlesTl?OT)'*^ ^^^^ ^' °«P*''*™e"* Labor's Dictionary of Occupational 
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Stanine Valijgafe The stanine is a rat Aug scale of 1 - 9 which provides for a distribution 
items serosa k nymerlcal range as-^signed to the items. Stanine values are compute^ 
using the foilDv^lngealeulatlonsi 

St^ in* € Value Percentaga 



9^ •* 


4 Top 


8; : 


7 


7 


12 


$ 


17 


5 


20 Middle 


4 


17 


3 


12 


2 


7 


1 


4 Bottom 




100% Total 



State-of-the-AetlSOA) Study s Rei-sieareh □onduoted to determine the eurrent status at^ 
performane^-b^sed instruetional ma^terials and practioei In the domain area undiFstudr^ 
and to obtain othannformation that might be useful In qatalof development. 

Target _P QPul^tUa (as applied to dissemination aetlvities)! The iub-set(s) of a system ^r * 
systems for whom in improved ppodi^ot or process is deiigned for purposes of adoption, 

A. Primwy Target Population ^— The prineipal users of an improved produet ^ 
products^ 

B. SecondaETfTirfet Population - All the other sub-sets of a system who would n^t 
be cla^sifM as prineipal u^ers but who would be directly involved in the 
dissertilnatlDn or diffusion/ad^^ption process. 

Tb^% a unit orwork activity whSieh constitutes logical and necessary stepi in the 
peFformance of i duty. A task t^as a definite beginning and ending point in it^ 
aceomplishmentsand fenerally eonai^^ts of two or more definite steps* 

Tflskj^^al^gis^ 'Tlie process of pavle^sving elements of a job for the purpose of improving 
training progr^rttcDntent across ppor^am levels of vocational-technical education. 

Tjsk Tlme^JaM^iteS* An indtK relative time-spent on each task within adofnain 
of interest and appiarlng on a task list. The task time-spent index is computed frorfi 
sciantificaily b^UM samples of Inew^mbent workers who respond to task listings. 

WritingjTgam; A team of people representing instructors with subject matter expiptise, 
local or state supepvisors in the doomain being developed, workers, and supervisors of 
Incumbent viovkm whose funoti^sTO is to analyze occupational data and develop 
performance obj^etlve for gpecifie D^O.T, areas* 
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EQUIPMENT BY PERCENTAGE RATING 



Equipment Description 



Saw^ hack 

Sorewdrivef, Phillips 

Drill* eleotric 

Extension cord 

Flashlight 

Knife, electrician 

Ladder, step 

Screwdriver, flat 

Wire strippers 

Conduit bender, eleetrlcml 

Metallic tubing 

Ladder, exteniion 

Wrench set, alien 

Bit, masonry 

Cutters, knockout 

Cutters, wire 

Pliers, needle nose 

Anchor set 

Level, small 

Saw, keyhole 

Socket set 

Tool pouch and belt 

Conduit bender, rigid 

Cutters, cable 

Tape reel and puller, steel fish 

Code book 

Drill, star 

Hammer, sledge 

Pliers, diagonal 

Pliers, lineman 

Rule, extension tape 

Rule, folding 

Bit, hole saw 

Chisel, cold 

Conduit, threading set 

File, flat 

Scaffolds 

Annmeter 

Extension light 

Hammer, claw 

Nut driver 

Wrench, pipe 

Hammer, power rotary 

Punch, knockout 



Percentage of Members 
Using 



Number of Members 
Using 



100,00 


85. 


100,00 


85. 


98.S12 


84. 


88.82 


84. 


98.82 


84. 


98.82 


84. 


98.82 


84, 


98.82 


84. 


98.82 


34. 


97.65 


83. 


97,65 


83. 


97.65 


83. 


96.47 


82. 


96.47 


82. 


98.47 


82. 


96.47 


82. 


94.12 


80. 


94.12 


80. 


94.12 


80. 


94.12 


80. 


94.12 


80. 


92.94 


79. 


92.94 


79. 


92.94 


79. 


91.76 


78. 


91.76 


78. 


90.59 


77. 


89.41 


76. 


89.41 


78. 


89.41 


76. 


89.41 


76. 


88.24 


75, 


88.24 


75. 


88.24 


75. 


88.24 


75. 


87.06 


74. 


85.88 


73. 


85.88 


73. 


85.88 


73. 


85.88 


73. 


84.71 


72. 


83.53 


71. 


83.53 


71 
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EQUIPMENT BY PERCENTAGE RATING 



Percentage of Members Number of Members 
Equipme nt Desoription Uging JjBin^ 



Wrench, combination open^end set 83,53 71, 

Cutter, pipe 82.35 7o! 

Punch, center 82.35 70. 

Vise, pipe 80.00 6s! 

Cutter, tininips 77,65 66. 

Hat, hard 77.65 66. 

Chalkllne 76,47 65. 

Crimper, terminal 76*47 65. 

Bit, twist 75,29 64! 

Chisel, wood 74.12 63» 

Crimper, Splicecap 71*76 61! 

Screwdriver, self-holding 71.76 61! 

Hammer tool, drive pins 70.59 60. 

Threader, portable power 70.59 60. 

Reamer, pipe 69,41 59! 

Tap, bolt 69*41 59. 

File, rattail 68.24 58. 

Cutter, bolt 67,06 57. 

Goggles, safety 67,06 57. 

Hammer, ball peen 87,06 57, 

Tap and die 67,06 57! 

Bit, extension 65,88 56, 

Gage, American Standard wire 63,53 54! 

Multimeter 63,53 54 

Pliers, vfsegrip 62.35 53* 

Awl, metal 61.18 52 

B/ace 61,18 52, 

Hammer, electrician 61.18 52, 

Hammer, 5 lb. shop 61.18 52 

Plumb bob 61.18 52 

Vise, regular $1,18 52! 

Bit, screwdriver 60,00 51 

Pliers, high leverage end cutting 60.00 5l! 

Saw, reciprocating 60,00 5l! 

Shears, sheet metal 60,00 5l! 

Soldering torch 60,00 5l! 

Pliers, chain nose 58.82 go' 

Puller, fuse 58.82 50' 

Wire brush 58.82 50 

Bit, single-twist 55.29 47, 

Saw, hand 55,29 47,' 

Tap, pipe 55.29 47 

Staple gun 52.94 45' 

Bit, ship-auger 51,78 44. 

Chisel, cape 5O.59 43' 

Wrecking bar 50.59 43! 

Wrench, wire nut 50.59 43] 
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EQUIPMENT BY PERCENTAGE RATING 



Percentage of Member Number of Members 
Equipme nt DesGription Uiing Uging 



Square^ eombination 49.41 42. 

Cutteri armored-eable 47,08 4o! 

Reamer, tapered 47,06 40* 

Wrenehj lever Jaw 45,88 39. 

Awl, wood 44^71 gg; 

Bit, expansive 43,53 37. 

Bit, spade-type 43.53 37, 

Blow torch 41,18 35, 

Pliers, oombination or gas 40.00 34. 

Auger, rafting 38.82 33! 

Fixture, joist-drilling 36.47 3l! 

Ground fault int^^^upter, portable 35.29 30. 

Chisel, utility 34,12 29, 

Bit, solid-center earborundum 32,94 28, 

Ripper, cable 32,94 28. 

Bit, machine spur 25,88 22. 

Bit, bellhanger drill 24,71 2l! 

Chisel, diamond point 24,71 2l! 

"Ihisel, framing 23,53 20. 

Bit, uni-spur 21,18 18, 

Bit, multi=spur pipe 20,00 17. 
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APPENDIX D 
BASIC TOOL EIT 



Allan wrench set, large 

Awl, metal 

Bolt euttepj small 

Chisel, wood 

Crimper, terminal 

Drill, #" electric 

Drill, 3/4" or 1" electric 

File, rattall 

Hack saw 

Hammer, claw 

Hat, Hard 

Hole saw set 

Knife, electrician 

Level - torpedo (pocket) 8" 

Multimeter - volt ohm, rpm*s. 

Nut driver 

Pliers - slip Joint 10" 

Pliers, diagonal 

Pliers, lineman 

Pliers, needle nose 

Puller, fuse 

Rule, folding 

Screwdriver, flat - 4", 6", 8", 12" - plastic handle 
Screwdriver, Phillips - 4'* and 6" 
Tool pouch and belt 
Wire strippers 

Wrench, adjustable 8" and 2-16" pipe 
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APPENDIX E 



SOURCES OF STANDARDS 

Tennessee Writing Team. Consensus of writing team eomposed of incumbent 
workers, supervisors and educators. 

National EleGtrinwl Cndp. Boston, Massachusetts! National Fire Protection 
Association, 1980. 
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APPENDIX F 



STATE OF THE ART LITERATURE 



United States Department of Labor, Employment and Training Administration. 
Diotionary of OGOupational Titles , 4th ed., Washington, D.Ci U.S. Government 
Printing Office, 1977, 

United States Department of Labor* Bulletin 1955* Oocupational Outlook 
Handbook, 1978-79 Edition . Waihington, D,C,i U.S. Government Printing 
Office, 1978. 

Kentucky State Department of Education and Vocational-Technical Education 
Consortium of States. Bureau of Vocational Education, Catalog of Performanoe 
Obiectlves and Performance Guides for Industrial Electrician * 1979, 

Danford, Jan, "Performance Obiectlves for OcGupatlonal Educatiom Residential 
Electrician," Mason, MIchigam Project No. 7028, 1973* (Mimeographed) 

Newby, Howard L. Residential Electrical Wiring . Performance-Based 
Instructional Materials - Teacher's Gulde i Mississippi: Mississippi State 
University, Research and Curriculum Unit for Vocational Technical Education, 
1979. 

Instructional Materials Laboratory, Department of Practical Arts and 
Vocational-Technical Education, University of Missouri. Building Construction^ 
Vol* 2 . Columbia, Missouri: Instructional Materials Laboratory, 1972. 

Electrlcitvi Trade and Industrial Education Trade Preparatory Training Guide , 
Lincoln, Nebraska: Nebraska State Department of Education," 1973. ERIC 
Document ED 128 571. 

Dearth, Charles E. and Nordvig, Carl A. An Analysis of the Residential 
Electrici an Occupation , Columbus, Ohio: Ohio State Department of Education, 
1975, ERIC Document ED 107 997* 

Ashley, William L*, HIndes, Tom L,, and Justice, Faith L, Residential 
Construct ion: Task Inventories/Strategies for Curriculum : Columbus, Ohio: 
Instructional Materials Laboratory, Trade and Industrial Education, The Ohio 
State University. 

Taylor, Mark. Residential Wiring , Stillwater, Oklahomai State Department of 
Vocational and Technical Education, Mid-America Vocational Curriculum 
Consortium, Inc,, 1982. 

Hargls, James H, "Occupational Anaivsisi EleetriGian," Salem, Oregon: Oregon 
Department of Education. 

Curriculum Guide for Electricity-Electronics , Salem, Oregon: Oregon State 
Department of Education, 1969. ERIC Document ED 059 384. 
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13. Gomolak, John D.* Lehr* James, and Place, Richard. Trade and Industrial 
Education Course of Study f or Eleetrlaal Oaeupations . Harfisburg, 
Pennyslvaniai Pennsylvania Department of Education, 1976, 

1*- A Curri culum Guide for Electrical Occupations . Nashville, Tennesseei 
Tennessee Department of Education, 1973. 

IS* Related Instructional Material for Use in Training for House Wiring . Nashville, 
Tennesseei Tennessee State Board for Vocational Education, Trade and 
Industrial Education Service, 1834. 

16. Sutton^ Mack C* Residential ElectriGian . Austin, Texasi Instructional Materials 
Center, The University of Texas at Austin, 1977, 

17. Abramson, Theodore, Instructional Support System—Occupational gduaation. 
Building Industrie s Occupations . New Yorki Institute for Research and 
Development in Occupational Education, City University of New York, 1977 
ERIC Document ED 164847, 

18. An Explor atory Study to Analyze New Skill Content In Selected Occupations in 
Michiga n and the Mechanism for its Translation into Vocational Eduaation 
Curricula: Section Report on Construction Electrician, Numerleally Controlled 
Machine Tool Operator, and Construction Carpenter . Washington/ D,C,i 
Manpower Administration, 1972, ERIC Document ED 085 509 

19* Electricity, Construction Industry Series - (Student Manual Preparation Level) , 
Austin, Texas: Texas Education Agency, 1975, 



20. 



Buildin g Trades Modules: Vocational Behavioral Obiectives, A Guide for 
Individualizi ng Instruction . New York, New Yorki West inghouse Learning 
Corporation, 1973. ERIC Document ED 102 355, 



21, Whitney, William J, Electrical Wirings ResidentiaL New York, New York: John 
Wiley & Sons, 1979, 

22, Mullln, Roy C, Electrical Wiring ResidentiaL Albany, New York: Delmar 
Publishers, 1981, 

23, Mix, Floyd M. House-Wiring Simplified . South Holland, Illinois: The 
Goodheart-Willcox Co,, Inc., 1973, 

24* Richter, H, P. Practical Electrical Wiring. Residential , Farm, and IndustriaL 
New York: McGraw-Hill Book Company, 1978, 

25* Electro-Occ upations - Program Outline , Sheldon, Iowa: Northwest Iowa 
Technical College, 1979, 

Interior Wiring. Washington, D,C,: Departments of the Army and the Air Force 
1968, 

27, New Jersey Department of Education, Division of Vocational Education. Basic 
Electricity - Part 1-4, New Brunswick, New Jersey: Vooational-Technicai 
Curriculum Laboratory, December, 1977, 



360 

355 



ERIC 



28. Colvin, Thomas S* EleQtrlcal Wirings Residential Utility Buildings an d Service 
Areas * AthenSj Gaorfiai American Association for Voeational Instructional 
Materials, 1981* 

29. Kilmer, Donald C, Basic Electrioitv. Part 1 * New Brunswick, New Jerseyi 
Curriculum Laboratory, Rutgers. The State University, 1977. ERIC Document 
ED 147624. 

30. Murphy, Brian P* A Curriculum Package for Implementing Instruction in 
Electricity Fundamentals/House Wiring . College Park, Maryland^ Maryland 
Vocational Curriculum Research and Development Center, 1978, ERIC 
Document ED 154219. 

31. Electricity Occupations Curriculum Guide . Champaign^ Illinoisi Technical 
Education Research Canter, 1975* ERIC Document ED 113495. 

32. Suggested Course Outline for Vocational Electricity . Santa Fe, New Mexicos 
New Mexico State Department of Vocational Education. ERIC Document VT 
0055865, 

33. New York State Education Department. Syllabus in Trade Electricity- 
Electronics. Section II. Trade EleGtrictv . Albany, New York^ Bureau of 
Occupational Education Curriculum Development, 1977. ERIC Document ED 
150342, 

34. Pennsylvania State Department of Justice* Construction Cluster Volume 5. 
Electrical . Harrlsburf, Pennsylvania: Bureau of Correction, 1971. ERIC 
Document ED 120516. 

35. National Electrical Code . Boston, Massachusetts^ National Fire Protection 
Association, 1981, 1984. 

36. Associated Independent Electrical Contractors of America, Inc. National 
Pattern Standards of Apprenticeship Training for Electricians . Austin, Texas, 
1972* ERIC Document ED 080730. 

37* Electrician— Technical Report on Development of USTES Aptitude Test Battery * 
Washington, D*C.i U.S. Training and Employment Service, 1970. ^RIC 
Doeument ED 060 111, 

38. United States Department of Labor. Questions and Answers to Part 1910i The 
OSHA general industry standards . Washington, D*C.i U.S. Government PrTnting 
Office, 1974* 

39* Matthews, Howard A* Time-free Modular Competency Based Currlaulum * 
Electrical Wlrlng-Homebuildlng * Montgomery, Alabamai Link Educational 
Laboratories, 1974* 

40. Chastain, Ronald. Construction Clusten Elaotrical Wiring , Athens, Georgiai 
Vocational Education Materials Center, 1973* 

41. Oregon State Department of Education. Curriculum Guide for Elactrlcal 
Occupstions (First Edition) * Salem, Oregoni Career and Vocational Education 
Section, 1977. ERIC Document ED 150401. 
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42. Miller, Dudley> and Kleespies, Harry. "Industrial ElectriGltv InstruatiQnal 
Program MaterlaL " Nashville, Tennesseej Tennessee Department of Education^ 
1974. (Mimeographed) 

43. Publia Behools of the Distriat of Columbia, Preliminary Draft, Competency 
Based Currioulum Soope and Sequenaeg Residential Wiring Grades 10-12 . 
Washington, D,C.i Public Schools of the District of Columbia, 1979* 

44' Basig Electricity - Volume 1-5 . New York, New Yorki Van Valkenburgh, Nooger, 
and Neville, Inc, 1979. 

45. Bureau of Naval PersonneL Proposed Curriculum for Basio Electriaitv and 
Electronics SchooL San Diego, California^ BE/E School, 1971, 
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BIBLIOGRAPHY COMPILED BY THE SOUTH CAROLINA WRITING TEAM 



Adkins, Winthrop Adklns Life Skills Program . Mew York, New Yorki 
The Psyohologieal Corporation, 1976. 

Alerlch, Walter N, EleGtriQal Construotion Wiring . 9th ed*, Alslp, Illinois.^ 
American Technical Publishers, Inc., 1982* 

Alerich, Walter N. Eleotricltv 3 . Albany, New Yorki Deimar Publishers Inc., 1981* 

Alerieh, Walter N. Electricity 4 . Albany, New Yorki Deimar Publishers, Inc, 1981. 

Buban, Peter and Schmltt Marshall L,, Understanding Electricity and Electronics . 
N.Y,: MoGraw-^Hill Book Company, 1982* 

Foley, Joseph H, Ejectrical Wiring Fundamentals . New York, New Yorki Gregg 
Division McGraw-Hill Book Company, 1981. 

Gebert, Kenneth L. and Edwards, Kenneth R. Transformer . Alslp, lUinoisi 
American Technical Publishers, Inc*, 1974. 

Hayden, Ellen T. Job Market . South Carolina State Department of Education, 
July, 1982, Columbia, S,C, 

Kubala, Thomas S* Eleotricltv 1 * Albany, New York: Deimar Publishers Inc*, 1981. 

Kubala, Thomas S. Electricity 2 . Albany, New Yorki Deimar Publishers, Ine*, 1981, 

Miller, Rex and Culpepper, jr*, Fred W, Energyi Electriclty/Eleotronics * 
Cincinnati, Ohloi Southwestern Publishing Co., 1982. 

Miller, Rex. Industrial Electricity . Peoria, Illinois^ Bennett Publishing Co*, 1982. 

Miller, Rex* Residential Electrical Wiring . Peoria, Illinois: Bennett Publishing 
Company, 1981. 

Mix, Floyd M, Housewiring Sfmpllfled . South Holland Illinois: The Goodheart- 
Willeox Co*, Inc*, 1977* 

MuUIn, Ray C*, Electrical Wiring (Commercial) , Albany, New Yorki Deimar 
Publishers Inc*, 1981. 

MuUin, Ray C*, Electrical Wiring (IndustrialK Albany, New Yorki Deimar Publishers 
Inc., 1981. 

Richland S chool District #2 Employee Handbook * 6831 Brookfield Road, Columbia, 
B* C. 29296, 1985. 

Roekis, Gary* Residential Wiring . Chicago, Illinois^ American Technical Society, 
1978. 
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Ross, Kenton R. Century 21 Aeaountinff. 3rd ed., Cincinnati, Ohios South-Western 
Co,, 1982. 

Weaver, Gilbert G- Shop Organization and Management . Albany, New Yorki New 
York State Department of Education, 1959, 
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